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A COMPARISON OF URINARY NEUTRAL 17-KETOSTEROID 
EXCRETION WITH OTHER FRACTIONS IN OPERATIONS 
UPON THE BONES AND JOINTS 


JAMES A. NICHOLAS, M.D., PHTLIP D. WILSON, M.D., F.A.C.S., and 
CHARLES J. UMBERGER, Ph.D., New York, New York 


IN PREVIOUS REPORTS by the authors (4-6) 
it has been demonstrated that the metabolic 
response to operations upon the bones and 
joints is fairly characteristic, involving a 
large loss of nitrogen, moderate excretion of 
potassium, some retention of sodium, and 
relief from the severe effects of postoperative 
stress within 3 or 4 days. It was demon- 
strated, however, that utilization of urinary 
neutral 17-ketosteroid excretion as a test of 
increased stress response was not character- 
istic. Because of the variation in the post- 
operative response in 17-ketosteroid excre- 
tion, we studied other fractions in the uri- 
nary steroid analysis. This article presents 
some of the data on these fractions obtained 
as a result of this study. 


METHOD AND CHEMICAL ASPECTS OF 
KETOSTEROID EXCRETION 


Neutral 17-ketosteroids were determined 
by the Zimmermann reaction employing 
the modification of Holtorff and Koch with 


Aided by a grant from the Association for Aid of Crippled 
Children. From the Hospital for Special Surgery, New York. 


the refinements discussed by Nathanson and 
Wilson. The isolation procedure consists of 
acid hydrolysis of an aliquot from a 24 hour 
urine, extraction of the acid urine with ether 
in a continuous extractor, and purification 
of the ether extract by shaking it out with 
aqueous double normal sodium hydroxide. 
The neutral 17-ketosteroids were deter- 
mined on an alcohol solution of the residue 
from evaporation of the ether. 

During a study of the recovery of keto- 
steroids from urine by ether extraction, it 
was observed that when the reaction was ap- 
plied to the ether without the sodium hy- 
droxide treatment, optical density readings 
were approximately 4 times the value ob- 
tained after purification by washing with 
alkali. This difference was not due to chro- 
mogen interference since the values of the 
blanks were comparable before and after 
the treatment with alkali. The absorption 
spectrum for the end reactions were identi- 
cal and typically characteristic of that of the 
reagents with carbonyl containing mole- 
cules. 
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Fic. 1. a,.b, Composite ketosteroid excretion. Illus- 
trates behavior of 4 fractions following surgery. Notice 


Upon acidifying the alkaline wash solu- 
tion, extracting with ether, and applying the 
Zimmermann reaction to the ether residue, 
the values calculated as neutral 17-keto- 
steroids were found to be at least equal to 
and usually higher than that for the con- 
ventional neutral 17-ketosteroids. However, 
the sum of these two ketosteroid values never 
equalled that for the unwashed ether residue 
and was usually only slightly greater than 
half its value. 

An ether extract of the sodium hydroxide 
wash solution after acidification was ex- 
tracted with buffer solutions at different hy- 
drogen ion concentrations, the buffer made 
strongly acid, extracted with ether, and the 
residues treated by the modified Zimmer- 
mann procedure. The steroid values for the 
components removed at the different hydro- 
gen ion concentrations were thus an indi- 
cation of the relative acid strengths of those 
positively reacting substances separated by 
the alkaline washing procedure. 

It was found that 70 to 90 per cent of the 
ketosteroid acting extractables were re- 
moved at pu 8.5. Sodium bicarbonate solu- 
tion, which has a pH near 8.5, was then in- 
stituted to separate the alkaline extract into 
two fractions for study by the ketosteroid re- 
action. In this manner 4 separate ether resi- 
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that the lowest values are to be found in the neutral 
fraction. 


dues were obtained from a single urine sam- 
ple for examination by the procedure for the 
determination of the neutral 17-ketosteroids. 
These were designated as the total, neutral, 
phenolic, and acid fractions. The acid frac- 
tion discussed in this paper, therefore, con- 
sists of organic substances which are suffi- 
ciently acidic in properties to form a soluble 
sodium salt of pH 8.5, which is recoverable 
from the alkaline aqueous solution upon 
acidification and re-extraction with ether. 


MATERIAL 


We are presenting 9 patients who have 
had operations of varying severity upon the 
bones and joints. In 8 of the 9 cases, opera- 
tions were performed for long standing or- 
thopedic conditions in which there was little 
or no pain during the week prior to surgery. 
One patient, however, with an acutely pain- 
ful herniated disc was also included in this 
series. These patients had urinary neutral 
17-ketosteroid and acid fraction studies in 
addition to urinary potassium, sodium, and 
nitrogen excretion determinations. In an 
additional 3 patients, the total and the phe- 
nolic fractions are also presented to show 
what may be expected to occur following 
surgery upon the bones and joints. All pa- 
tients were studied both preoperatively and 
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fraction preoperatively. It is the single exception. Patient 
was also the only one operated upon with severe pre- 
operative pain. 

Fic. 3. Notice that the rise in the neutral fraction is of 
much less magnitude than acid fraction. Notice that in 


postoperatively for a number of days, their 
dietary intake carefully recorded, and all 
urine was collected in 24 hour samples. 


RESULTS 


Behavior of 4 fractions in the steroid analysis. 
Figure 1 a, b illustrates the 4 types of frac- 
tions which we have obtained by the tech- 
nique previously outlined. It can be seen 
that the acid fraction rises markedly and is 
sustained in convalescence more markedly 
than other fractions. It can also be seen that 
the phenolic and neutral fractions are lower 
and are characteristic in that they mirror 
each other. 

The effect of surgery on the neutral 17-keto- 
steroid and acid fraction. In the 9 cases demon- 
strated in Figures 2, 3, and 4, it is noteworthy 
that 4 cases show a markedly inverse rela- 
tionship between the pattern of the acid and 
neutral fractions, while 5 cases showed a 
parallel relationship. Secondly, while 5 of 9 
cases showed a rise in postoperative neutral 
17-ketosteroid excretion over the preopera- 
tive level, 8 of 9 cases showed a rise in acid 
fractions following surgery. The only excep- 
tion, H. M. (Fig. 2), had a preoperative acid 
fraction which was very high: in fact, a level 





operatively. 

Fic. 4. Notice that in M. S. (top) there is almost per- 
fect inverse relationship between acid and neutral frac- 
tion. The patient was on cortisone following the opera- 
tion. 


to which many of the cases will rise follow- 
ing operative procedure. This is the only 
case in the series in which operation was per- 
formed following an acutely painful phase 
of preoperative stress. Because of a herni- 
ated disc and because of a great deal of pain, 
this patient was operated upon after a week 
of very severe pain preoperatively. In the 
other 8 cases, operation was performed for 
what we term more or less elective surgery 
for long-standing conditions. None of these 
patients had any pain during the preopera- 
tive period of study. So for practical pur- 
poses, the acid fraction of all patients free 
from pain prior to surgery rose following 
surgery. In 6 of these 8 cases, the acid frac- 
tion rose in the first 24 hours. In 3 of the 5 
cases, the neutral fraction rose in the first 24 
hours. 

In the study of the 4 cases in which there 
was an inverse relationship (patients M.S., 
A.P., M.A., and B.D.), the pattern is almost 
the same in each case. It is particularly 
marked in the patient M.S. who was placed 
on 100 milligrams of cortisone a day imme- 
diately postoperatively for the first week. 
During this time, she had a marked rise in 
the acid fraction and no rise whatsoever in 
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the neutral fraction. The administration of 
cortisone, while it may depress the neutral 
fraction, has produced a striking rise in each 
case in the acid fraction. This suggests the 
probability of an acid steroid, and results of 
this will be reported subsequently. In the 5 
cases with parallel patterns, the acid fraction 
was consistently higher and also, in most 
cases, the acid fraction was elevated for a 
more prolonged period in convalescence 
than the neutral fraction. 


DISCUSSION 


It is possible that the failure of the neutral 
fraction to mirror increased adrenal cortical 
activity, as reported by Thorn and asso- 
ciates and Hardy, may lie in the fact that 
some of the metabolites of the alarm reac- 
tion are acidic in nature and for this reason 
have been discarded in the purification pro- 
cedure. Our findings indicate that study of 
the metabolic activity of stress should in- 
clude a study of the acid fraction. Certainly, 
in the cases of our series in which the neu- 
tral fractions never rose, adrenal cortical 
activity might be better correlated to a com- 
parison with the acid fractions. A study of 
the total fractions and phenol fractions has 
not been revealing. It is interesting to note 
that acid fractions tend to remain elevated 
longer than the neutral fractions and that 
they parallel the period of increased gluco- 
corticoid and mineralo-corticoid activity of 
postoperative stress. We have also studied 
the acid fraction in a case of acromegaly, 
with metabolic bone disease, before and 
after surgery, and have found again that 
there appears to be some degree of correla- 
tion between the appearance of an increased 
acid fraction and an increased period of 
stress. The exact significance of this correla- 
tion, however, cannot as yet be determined 
and further work will be required if it is to 
be explained. 

Infra-red absorption studies suggest the 
possibility of an acid steroid. Absorption in 
the region of the carbonyl group is extremely 
strong. The ratio of carbonyl absorption to 
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other regions is far in excess of that for a 
ketosteroid, indicating that carbonyl con- 
taining compounds other than steroids are 
present. However, positive findings from the 
Zimmermann reaction on the acid fraction 
may be in part due to an acid type of steroid. 


CONCLUSIONS 


1. There are other fractions in the urine 
besides neutral 17-ketosteroids which may 
give information during periods of stress, as 
demonstrated by the conventional proce- 
dure for 17-ketosteroids. 

2. Operations upon the bones and joints 
produced a considerable rise in the acid 
fraction during convalescence when there 
was no rise in the neutral 17-ketosteroid 
fraction in 4 of the cases studied. 

3. Cortisone administered to a patient 
postoperatively, following a vitallium fem- 
oral head replacement, produced a marked 
rise in the acid fraction through the first 3 
postoperative days of elevated postoperative 
stress. The neutral 17-ketosteroid fraction 
did not rise at any time in this patient. 

4. The findings in this investigation sug- 
gest the presence of an acid steroid. 
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THE EXCHANGE OF WATER AND ELECTROLYTES IN THE 


MECHANISM OF AMNIOTIC FLUID FORMATION AND 
THE RELATIONSHIP TO HYDRAMNIOS 


DONALD L. HUTCHINSON, M.D., CAROLINE B. HUNTER, M.D., 
EARL D. NESLEN, M.D., and ALBERT A. PLENTL, Ph.D., M.D., New York, New York 


‘THE ORIGIN AND FATE of the amniotic fluid 
has been of considerable interest to medical 
investigators for over a century but, despite 
all efforts, the solution of this problem has 
remained obscure. Based upon extensive 
clinical and physiologic investigations, a 
number of theories have been developed 
which were intended to explain the forma- 
tion of the amniotic fluid and, incidentally, 
to elucidate the etiology of hydramnios. A 
voluminous literature testifies to the efforts 
that have been made to correlate diseases of 
mother and fetus with a depletion or an ab- 
normal accumulation of the amniotic fluid. 
Perhaps the major factor in the failure to es- 
tablish a definite causal relationship lies in 
the vague definition of the disease which, as 
Eastman has indicated, states that the ac- 
cumulation of more than 2,000 cubic centi- 
meters of amniotic fluid is to be considered 
pathologic, and to be termed hydramnios. 
The definition is purely descriptive and im- 
plies nothing in regard to the etiology of the 
disease. Although it is easy to criticize the 
vagueness of this definition, it would be dif- 
ficult to find a better one without adequate 
information on the mechanism of amniotic 
fluid formation. More emphasis should, 
therefore, be placed upon the accumulation 
of reliable and informative chemical and 
physical data, rather than upon the classi- 
fication of this condition on the basis of a 
definition which is no longer satisfactory. 
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The amniotic fluid differs from many 
other “‘compartments” in the body in that 
it is not further divided into sections or 
spaces as, for example, the cerebral spinal 
fluid, where a circulation can be demon- 
strated by placing an indicator in one of the 
spaces and have it appear in another. Even 
under such favorable circumstances, tracer 
studies may lead to a different interpreta- 
tion. The amniotic fluid is apparently de- 
void of such characteristics, and it is prin- 
cipally for this reason that exogenous indi- 
cators could be expected to add little to the 
solution of the problem. It is this inability to 
demonstrate such a current by means of in- 
dicators or foreign substances, as pointed out 
by Szendi and Wislocki, which led to the ac- 
cepted idea that the amniotic fluid is essen- 
tially a stagnant pool of water, perhaps a 
‘‘transudate,” which might slowly change its 
volume under extraneous influences. Chang- 
es in the intrauterine pressure, diseases of 
the amnion, stasis of the placental bed, con- 
genital abnormalities of the fetus, and a spe- 
cific role of the normal fetus were thought to 
represent these extraneous influences. The 
specific role of the fetus has been the subject 
of considerable differences in opinion and is 
intimately associated with all theories of 
amniotic fluid formation. 

That the fetus swallows amniotic fluid is 
a well established fact. Fetal micturition 
may also occur occasionally, but Holter- 
mann and Tapfer have shown this to be the 
exception rather than the rule. Whether 
swallowing and micturition are potentially 
important contributions to the formation 
and reabsorption of amniotic fluid remains 





to be determined. The importance of chang- 
es in intrauterine pressure as a factor con- 
tributing to the absorption of amniotic fluid 
is equally questionable, because under cir- 
cumstances of acute hydramnios, this rise in 
intrauterine pressure is, apparently, insuffi- 
cient to prevent further accumulation of 
amniotic fluid. 

Evidence also exists that the amniotic epi- 
thelium has secretory potentialities, but it 
has never been clearly shown that this ac- 
tivity is sufficiently pronounced to account 
for the formation of such large volumes of 
fluid. ‘The assumption, as expressed by Rosa, 
that the amniotic fluid is formed and ab- 
sorbed by a combination of these processes 
is, of course, a compromise. 

Such a solution is at variance with the 
rather exact and indisputable evidence pre- 
sented by Vosburgh and associates that the 
transfer of water from mother to amniotic 
fluid is an extremely rapid process leading 
to a complete replacement of this fluid with- 
in a period of about 3 hours. It is assumed 
that an equal amount of water is transferred 
in the opposite direction, that is, from amni- 
otic fluid to mother, leading to a continuous 
exchange of water between these two com- 
partments. Although the route and the mech- 
anism of this exchange is not defined by 
these experiments, they should stimulate a 
revision of the concept of amniotic fluid 
formation. 

The perfection of the technique of trans- 
abdominal amniotomy (4, 5) made the am- 
niotic fluid compartment accessible for study 
without disturbing the continuity of the sys- 
tem. The system thus lends itself to an even 
more exact approach than that used by Vos- 
burgh and associates based upon the theo- 
retical concepts of multicompartment sys- 
tems. 

In two preliminary notes (3, 5), the au- 
thors reported on application of this theory 
to the exchange of water and electrolytes be- 
tween mother and amniotic fluid. The rate 
of exchange of water was studied in 2 sub- 
jects by placing an isotopic tracer first into 
the amniotic fluid, and then into the mater- 
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nal circulation. The rate of transfer in both 
directions was found to be identical within 
the limits of error of the method. It amount- 
ed to about 30 mols of water per hour. The 
exchange of the electrolytes, sodium and po- 
tassium, was studied in similar manner and 
their exchange rates were shown to be con- 
siderably smaller than that for water. These 
investigations have been extended to include 
a larger series of patients in order to evalu- 
ate individual variations of clinical material’ 
and to correlate such data with “pathologic” 
changes of the amniotic fluid volume. 

Clinical material. The first group of pa- 
tients consisted of pregnant volunteers at 
term who were admitted for primary or sec- 
ondary elective cesarean section. The sec- 
ond group consisted of patients with an ab- 
normally large volume of amniotic fluid as 
determined by the dilution methods previ- 
ously reported (4), and those with obvious 
acute or chronic hydramnios. Multiple birth, 
toxemias, and other complicating factors 
were considered a contraindication for the 
performance of these tests. Among 8 pa- 
tients with hydramnios, there was 1 congen- 
ital fetal abnormality. With this exception, 
all babies were normal immediately after 
delivery and during the neonatal period. 
No maternal intrapartum or puerperal com- 
plications were noted, and all patients re- 
mained afebrile until their discharge from 
the hospital. Postpartum examinations 6 
weeks later were unremarkable. 


METHODS 


Clinical. The technique of transabdominal 
amniotomy and catheterization was essen- 
tially the same as described by Neslen and 
associates (4). Known volumes of tracer so- 
lution and indicators for the determination 
of the amniotic fluid volume were introduced 
from an analytic burette. An accurately 
known amount of about 40 to 50 cubic cen- 
timeters of deuterium oxide and 3 to 4 mi- 
crocuries of sodium-22 or potassium-42 as 
isotonic saline was added to the amniotic 
fluid and thoroughly mixed by frequent 
withdrawal and reintroduction of this fluid. 
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Samples of amniotic fluid and maternal 
blood were then obtained at predetermined 
intervals. At the onset of labor or during 
cesarean section, the catheter was with- 
drawn. In 1 instance the catheter was al- 
lowed to remain in place for several days. 
During this experiment, prophylactic anti- 
biotics were introduced directly into the 
amniotic cavity in order to prevent the de- 
velopment of an amniotitis which might 
complicate the interpretation of experimen- 
tal data. 

Laboratory. ‘The transfer rate p of the 
traced element from the amniotic fluid to 
mother and fetus was calculated according 
to the equation 





where S, refers to the total amount of traced 
species in the maternal system including the 
fetus, Sp to the amniotic fluid, and k repre- 
sents the disappearance constant. This con- 
stant is related to the concentration of tracer 
in maternal serum (ag), in amniotic fluid 
(a;), and the initial concentration (ai), as 
a function of time through logarithmic ex- 
pression 


a1 —— a2 


Log = kt 


41(0) 
It is, therefore, proportional to the transfer 
rate, and the proportionality factor is deter- 
mined by the volume of the amniotic fluid 
and the maternal system. 

The volume of the amniotic fluid of each 
patient was determined by the Congo red 
dilution method; in a few instances radio- 
active iodinated serum albumin was em- 
ployed. The total maternal body water com- 
prising mother, fetus, and amniotic fluid 
was calculated from the equilibrium value 
of deuterium oxide in maternal serum. 

In the calculation of transfer rates for the 
two electrolytes, sodium and potassium, the 
same equations were used and the quanti- 
ties S; and S, determined from the electro- 
lyte concentration in amniotic fluid and the 
total exchangeable electrolyte in the mater- 
nal body. The former values were estimated 
by the flame photometric technique, and 
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the latter values determined in a separate 
experiment, or estimated from average val- 
ues for pregnant women near term. 

The relative specific activity for the two 
radiotracers in amniotic fluid and maternal 
serum was determined by means of a well 
type scintillation counter. The concentra- 
tion of deuterium oxide in these body fluids 
was found by the falling drop procedure. 


DISCUSSION 


The results of these experiments are given 
in Table I, where the patients are arranged 
in the order of increasing amniotic fluid vol- 
ume. They were arbitrarily divided into two 
groups under the assumption that a fluid 
volume of over 2,000 milliliters represents a 
pathologic state. Whether this arbitrary di- 
vision is justified remains to be determined. 
For the present study it would serve a useful 
purpose to examine these two clinical en- 
tities in an attempt to find a measurable dif- 
ference which parallels the volume. 

The disappearance of the tracer can be 
expressed in a number of ways. The disap- 
pearance constant, a relative term, desig- 
nates the percentage of the traced species 
which had disappeared per unit of time. 
With reference to exchange mechanisms, it 
states what percentage of the amniotic fluid 
is replaced per unit of time. The “half- 
value” time listed in Table I is proportional 
to the disappearance constant, and is de- 
fined as the time necessary to replace one- 
half of the amniotic fluid. The alternative 
expression, the rate of exchange, is an abso- 
lute term, the dimensions of which are quan- 
tity per unit of time. The rate of exchange 
depends upon the volume and the disap- 
pearance constant. In order to interpret the 
experimental data reproduced in Table I, 
relative and absolute forms of expression 
should be considered. An inspection of that 
table reveals that the half-value time and 
the disappearance constant increase with in- 
creasing volume. This relation is illustrated 
in Figure 1, where the disappearance con- 
stants for patients with oligohydramnios and 
polyhydramnios are compared with that of 
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TABLE I.—DEUTERIUM AND ELECTROLYTE TRANSFER RATES FROM AMNIOTIC FLUID TO MOTHER 
AND FETUS 











ee Sn ees —Deulerium transfer__ _________ Electrolyte transfer _____ a 
Patient No. Vol., Na in Kin Ty Mols/hr. Na Naor K K 
ml. mEq./ 1000 ml. mEq./1000 ml. min. mEq./hr. TY min. mEq./hr. 
—_ A.F. VOLUME TES, THAN 2000 mi,._______ aoe 
ae ene 385 123 3.8 35 24.4 11.7 165 a 
Baebes 500 119 4.0 57 20.6 6.8 350 -_ 
Decne ckawsumwae 570 130 — 114 15:3 11.0 270 = 
_ OR Ree 590 — 3.7 48 22.1 — 188 0.45 
SASS Pera i armen 620 — 36 95 20.0 — — 0.53 
Bre ckssaceuuscivs 680 115 4.3 120 18.9 15.3 204 ae 
(aCe eee 700 — 3.8 43 41.7 _— 80 1.40 
Bi garkoceweweess 700 130 3.4 50 31.9 14.4 284* 0.41 
250 
Oss alk ese ot 760 134 4.0 103 19.0 12.6 307 — 
__, Re ee ere ee 1150 — — 94 27.4 — — _ 
| oe 1380 — 4.6 83 36.0 _ 280 0.56 
RP rac mkin cwa's 1420 _ — 97 32.3 —_ — _ 
PUVREARC sais o)-sids 788 125 3.9 78 25.8 11.9 236 0.67 
ee. | ee a er eee eee aces ee 
DS eAe he ances 2000 — —_ 121 36.0 _— — _ 
DF ciwicncessanes 2270 150 — 195 24.8 16.0 840 oa 
| RNa ae 2500 — — 285 20.8 — — — 
IG i east Wehroivee 2600 — _— 218 25.1 16.6 760 — 
Be ae eek Got isteia cs 2800 135 — 210 26.7 — — = 
| OR Saran ee re 3600 125 3.5 325 234 14:3 1240* 0.50 
‘ 1050 
MO cake Séais shee 5500 —_ a 285 36.0 — —_ —_ 
BO nance ena enon 6000 125 4.0 442 26.3 14.5 1680* 0.48 
1500 
Average.......... 3409 138 3:7 260 273 14.6 1130 0.49 


Fluid volumes and transfer rates were determined by methods described in the text. The half-value times were calculated from the disappearance 


constant. 


*The upper figure refers to transfer of sodium, the lower to the transfer of potassium. 


an average normal patient. The half-value 
times designated as Ty, are strikingly differ- 
ent, and this observation could easily lead to 
the assumption that their variation repre- 
sents the sought-for function. 

The half-value times or the disappearance 
constants would have a significant relation 
to changes of the amniotic fluid volume only 
in the absence of constant exchange rates. If 
a common denominator exists between oli- 
gohydramnios and polyhydramnios, it would 
be the rate of exchange and not the disap- 
pearance constant or half-value time; the 
latter terms should, therefore, not be used as 
a basis for comparison because they are 
meaningless without a knowledge of the to- 
tal quantity of exchangeable species (vol- 
ume of the amniotic fluid or total amount of 
its electrolytes). A calculation of the ex- 
change rates for the patients whose disap- 
pearance constants are graphically illustrat- 
ed in Figure 1, gave identical values for all 
three. The same narrow range of exchange 
rates was found to apply for all subsequent 





patients, as shown in Table I. Patients 1 to 
12 whose fluid volume was within a normal 
range had an average transfer rate of 25.8 
mols per hour, and patients 13 to 20 whose 
fluid volume was excessive showed an aver- 
age transfer rate of 27.3 mols per hour. Since 
the standard deviation for both series is 
about 8 mols per hour, the difference be- 
tween the two series is statistically not sig- 
nificant. 

Although only 20 patients were investi- 
gated to date, the observations were suffi- 
ciently consistent to conclude that the quan- 
tity of water transferred in and out of the am- 
niotic sac is constant and independent of the 
volume of fluid. The accumulation of large 
amounts of amniotic fluid is, therefore, not 
due to a faster exchange rate or a gross de- 
fect in the manner of its removal; its cause 
must be looked for in a disturbance of some 
other, probably much more sensitive mech- 
anism. An imbalance in transfer rates, rath- 
er than the existence of an excessively large 
volume, should be taken as an indication of 
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a pathologic process. ‘The assumption of 
equal and opposite rates is probably justi- 
fied over experimental periods not exceed- 
ing a few hours, but cannot be accepted for 
prolonged time intervals. A difference of 
only a few milliliters per hour may produce 
the clinical syndrome of hydramnios. ‘To 
substantiate this hypothesis, another ap- 
proach must be taken, since the precision of 
transfer studies is insufficient to detect such 
small differences. 

Among 8 patients whose fluid volume was 
excessive, there was only 1 congenital fetal 
abnormality, and it was this patient who 
was subjected to multiple determinations of 
fluid volume and transfer rates. When first 
scen, she presented a picture of acute hy- 
dramnios and had a measured fluid volume 
of 6,000 milliliters. ‘The transfer rate was es- 
timated at 26.3 mols per hour. Following 
completion of these tests, 62 per cent of the 
amniotic fluid was drained off by gravity, a 
procedure which led to marked symptomat- 
ic improvement. Contrary to expectation, 
she did not go in labor and was discharged 
from the hospital a few days after the com- 
pletion of the second series of tests. ‘The 
transfer rate remained essentially unaltered 
at about 25 mols per hour, and the volume, 
3 days after drainage, was found to be 2,200 
milliliters. Since the polyethylene catheter 
had remained in place for over a week, sev- 
cral additional amniotic fluid volume deter- 
minations were performed, which indicated 
a daily increment of about 150 milliliters. 
This represents a net gain of about 4 milli- 
liters per hour, or slightly less than 1 per 
cent of the hourly transfer rate. 

Four weeks following her discharge, she 
was once again admitted because of acute 
hydramnios. Amniotomy and transfer stud- 
ies were repeated. This time the volume was 
found to be 5,500 milliliters, and the trans- 
fer rate had increased to 36 mols per hour. 
Shortly after the termination of the second 
series of studies, she went into labor and was 
delivered of a hydrocephalic infant by breech 
extraction. The baby expired during deliv- 
ery, and an autopsy revealed no abnormal- 
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Fic. 1. A semilog plot of the function ai—a2/a10) (see 
text) against time in minutes. The slopes of the lines are 
the disappearance constants, showing the obvious differ- 
ence between normal and abnormal patients. 


ity except a cleft palate and a marked de- 
gree of hydrocephalus, with remnants of 
brain tissue and spinal cord. It would be 
tempting to implicate this congenital ab- 
normality as a cause of hydramnios by plac- 
ing the responsibility on a failure of the 
swallowing mechanism. If this were correct, 
the measured transfer rate should have de- 
creased rather than increased, since the 
method of study is based upon the rate of 
disappearance of tracer from the amniotic 
fluid compartment. 

The majority of patients subjected to the 
present study received tracers for sodium or 
potassium in addition to deuterium oxide. 
The transfer rates for sodium listed in Table 
I indicate that an average of 15 milliequiva- 
lents of sodium was exchanged per hour. 
With 1 exception, all transfer rates for po- 
tassium were in the neighbourhood of 0.5 
milliequivalent per hour. The ratio of the 
disappearance constant for water and the 
electrolytes, sodium or potassium, appeared 
to be constant. 

In order to detect any possible disturb- 
ance in the mechanism of these exchanges in 
abnormal states, several experiments were 
performed in which three tracers were em- 
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ployed simultaneously. Sodium-22, potas- 
sium-42, and deuterium oxide were injected 
into the amniotic fluid of 2 patients with 
pronounced hydramnios, and the results 
were compared with those obtained in an 
identical experiment on a normal patient. 
This comparison (Table I, patients 8, 18, 
and 20) shows no significant difference in 
the ratio of the 3 transfer rates (D2O, K, and 
Na) between the patients with hydramnios 
and the patient with a normal amount of 
amniotic fluid. 

The supposition that the amniotic fluid is 
a transudate, or an ultrafiltrate, of plasma is 
based upon the similarity of freezing point 
depressions and electrolyte concentrations of 
plasma and amniotic fluid. If the amniotic 
fluid were such an ultrafiltrate, its water, so- 
dium, and potassium should appear en bloc, 
and be removed in the same manner. Hav- 
ing established that water is transferred at a 
rate of about 26 mols per hour, this amount 
of solvent would carry with it about 68 mil- 
liequivalents of sodium and 1.9 milliequiva- 
lents of potassium. The experimentally de- 
termined transfer rates for the electrolytes 
were approximately 1/5 that amount, a dif- 
ference which is beyond the limits of the ex- 
perimental error. Water and electrolytes 
are, therefore, exchanged by specific inde- 
pendent mechanisms, at their own charac- 
teristic rates and are presumed to be in dy- 
namic equilibrium with maternal plasma. 

The average exchange rate of 26 mols of 
water, 12 milliequivalents of sodium, and 0.6 
milliequivalent of potassium only specifies 
the amount of these substances entering and 
leaving the amniotic fluid per hour. It gives 
no information on the site or pathway of this 
exchange, and the extent to which the fetus 
participates still remains obscure. 


SUMMARY 


Transabdominal catheterization was per- 
formed on a series of pregnant volunteers at 
term. Stable and radioactive isotopic tracers 
for hydrogen, sodium, and potassium were 


injected into the amniotic sac and their dis- 
appearance was measured. The rate of trans- 
fer for these elements was then calculated by 
known methods. 

The transfer rates on 12 normal patients 
and 8 patients with excessive amounts of 
amniotic fluid were found to be nearly iden- 
tical within the limit of error of the method. 
Evidence was presented that the accumula- 
tion of excessive amounts of amniotic fluid is 
due to a slight imbalance of transfer rates; it 
is not associated with an increase in the ex- 
change rate of water and electrolytes. Aver- 
ages of 26 mols of water, 12 milliequivalents 
of sodium, and 0.6 milliequivalent of potas- 
sium were found to be exchanged per hour. 
The ratio of these transfer rates differs from 
the ratio of their concentrations and the am- 
niotic fluid is, therefore, not a transudate or 
dialysate of maternal plasma. Each element 
exchanges at its own rate and is in dynamic 
equilibrium with the maternal system. 
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AN ANALYSIS OF THE OPERATING ROOM DEATHS 
ON A GENERAL SURGICAL SERVICE 


KENNETH M. LEWIS, M.D., F.A.C.S.. and 
EDWARD G. STANLEY-BROWN, M.D., New York, New York 


DEATH IN THE OPERATING ROOM is a distress- 
ing and disheartening occurrence. In this 
era of surgery with careful preoperative 
preparation, skillful anesthetic management, 
blood transfusions, antibiotics, and all the 
vast armamentarium that is available, oper- 
ating room fatalities should be rare. The 
present article takes into consideration our 
experience with operating room fatalities 
over the past 11 years. During this period a 
total of 11,705 surgical operations have 
been performed. There have been 17 deaths 
in the operating room, representing 0.15 per 
cent of the total operative procedures. In 
retrospect many of these cases must be clas- 
sified as preventable. Of the 17 fatalities, 
10 occurred in elective cases. The average 
age was 58.5 years. In certain of these cases 
simple precautions were neglected, obvious 
errors were made, and death resulted. In a 
larger number the cause of death remains 
obscure, no one single factor being respon- 
sible. 

The surgery was performed by members 
of the resident staff and in every instance a 
member of the attending surgical staff acted 
as assistant. In like fashion the anesthesia 
was administered by residents in anesthesia, 
frequently assisted by attending anesthe- 
siologists. 

This article is presented as a report and 
analysis of these 17 cases and is in no way 
intended to be critical. The experience here 
reported may be of help to other surgeons, 
as death in the operating room brings home 
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the significance of fundamental precepts 
with a force that a near fatality can never 
achieve. 

A break-down of the causes of death in 17 
cases may be summarized as follows: (a) 
inadequate preoperative preparation in 2 
cases; (b) hemorrhage or inadequate re- 
placement of blood loss in 4 cases; (c) error 
in surgical technique in 1 case; (d) mistake 
in diagnosis in 1 case; (e) cardiac arrest with 
or without associated heart disease in 3 
cases; (f) other causes (fat embolus, toxemia) 
in 6 cases. As will be seen later there is con- 
siderable overlapping as to the causes of 
death. 


INADEQUATE PREOPERATIVE PREPARATION 


Considered individually, there were 2 
cases in which the preoperative preparation 
was principally at fault. 


Case 1. In 1950, a white female, aged 74 years, 
developed incomplete arterial occlusion at the bifur- 
cation of the common iliac vessels while undergoing 
treatment on the medical service for hypertensive 
cardiovascular disease (blood pressure 190/120), ar- 
teriosclerotic heart disease, and generalized arteri- 
osclerosis. A lumbar sympathetic block was performed 
with resulting shock blood pressure of 80/60, suggest- 
ing that intrathecal injection may have occurred. 
Blood transfusion and ephedrine brought about a 
marked improvement, and an electrocardiogram was 
interpreted as being suggestive of recent infarct or 
coronary insufficiency. Operation was undertaken un- 
der cyclopropane anesthesia 6 hours after the arterial 
occlusion. During induction of anesthesia the patient 
vomited with resultant laryngospasm and an oro- 
tracheal tube was introduced. The surgery lasted 2 
hours and 20 minutes, during which time the pa- 
tient’s condition was good and considerable clot was 
aspirated and milked out of both common femoral 
arteries through bilateral femoral incisions. Good 
bleeding from the proximal vessels was obtained (dis- 
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tal back bleeding not mentioned), and the incisions 
were closed. At this point the patient breathed spon- 
taneously and the endotracheal tube was removed. 
Death occurred suddenly 5 minutes after extubation. 


In this case, failure to aspirate the stom- 
ach preoperatively resulted in vomiting dur- 
ing induction of anesthesia and aspiration. 
Spinal or local anesthesia might have been 
a better choice, although the possible recent 
myocardial infarct would militate against 
the spinal route. In general this appears to 
have been a well handled case, and with a 
serious circulatory condition, advanced age, 
recent episode of shock, and aspiration of 
stomach content, death occurred. That the 
stomach must be empty before general anes- 
thesia is a fundamental concept which in 
this instance was violated. 


Case 2. In 1949, a hypertensive (blood pressure 
200/80) and obese white female, aged 78 years, com- 
plained of rectal bleeding of 3 weeks’ duration, and 
biopsies from a pale granular mass at the anal muco- 
cutaneous junction and a second ulcerated friable 
white tumor mass at 54 inches on the posterior rectal 
wall both revealed adenocarcinoma. At operation 
there was a marked drop in blood pressure, difficult 
respirations, and cyanosis upon entering the peri- 
toneum; however, a Miles combined abdominoperi- 
neal resection as well as bilateral salpingo-oophorec- 
tomy (for orange sized ovarian cysts) was performed. 

Postoperatively the patient complained of dyspnea, 
substernal pressure, and orthopnea. The clinical pic- 
ture was believed to represent an acute myocardial 
infarction with mild left-sided heart failure. Over a 
4 day period the patient fared badly with abdominal 
distention and retraction of the colostomy stoma 
within the peritoneal cavity. When it became evident 
that a transverse colostomy would have to be per- 
formed the patient suffered a dehiscence of the lower 
two-thirds of the abdominal wound and she was taken 
to the operating room after passing a Levin tube into 
the stomach. In the operating room the respirations 
were wet and noisy, blood pressure 190/130, and pulse 
130. Induction was started with nitrous oxide, oxygen, 
and ether, and 60 units of curare were given. At this 
point the patient regurgitated, aspirated, and ex- 
pired. Laryngospasm secondary to irritation by the 
gastric content was such that intubation was unsuc- 
cessful. No surgery was attempted. 

At autopsy there was bile stained fluid in the 
bronchioles, edema of the lungs and lower extremities, 
s-lerosis of the coronary arteries, and focal fibrosis of 
tne myocardium. No fresh myocardial infarction was 
observed. 
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Here also failure to aspirate the stomach 
before anesthesia occurred. It would appear 
that the cardiac failure was poorly con- 
trolled before the second anesthesia. Local 
or spinal anesthesia might have been a better 
choice for the second operative procedure. 

Obviously these 2 cases are not entirely 
the result of poor or inadequate preoperative 
preparation. However, the major contribut- 
ing cause would appear to have occurred 
prior to anesthesia and surgery. Adequate 
hydration is a fundamental concept in pre- 
operative care. Not infrequently the patient 
scheduled for elective surgery will ingest 
food or drink during the immediate pre- 
operative period either through ignorance 
or misunderstanding. Routine gastric aspi- 
ration before urgent surgery should be the 
rule. 


HEMORRHAGE OR INADEQUATE REPLACEMENT 
OF OPERATIVE BLOOD LOSS 


The following group of 4 patients died as 
a result of hemorrhage or inadequate re- 
placement of operative blood loss. A careful 
properative check of hemoglobin, red blood 
count, hematocrit, and if possible blood vol- 
ume, is desirable. Preoperative blood trans- 
fusion in a depleted patient bears fruit in 
almost every instance. A scientific method 
of estimation of operative blood loss should 
be employed. 


Case 1. Seven years before admission in 1943, this 
patient, a white male, aged 69 years, had had a 
gastroenterostomy performed at another hospital. He 
had experienced epigastric pain for 1 year before ad- 
mission with radiation to the back and had had 
tarry and grossly bloody diarrhea 5 to 8 times a day 
for 2 days before admission. The patient was cachec- 
tic, dehydrated, and seriously ill, with a blood pressure 
of 90/50, temperature 97. On admission, there were 
evident weight loss, a healed midline epigastric scar, 
left upper rectus spasm, visible peristalsis, and mild 
hepatosplenomegaly comprising the significant physi- 
cal findings. Hemoglobin was 36 per cent (Sahli 
method), and hematocrit 14. During the 2 hours 
intervening between admission and surgery the pa- 
tient received 3,000 cubic centimeters of intravenous 
fluid and 500 cubic centimeters of whole blood. 
Surgery was undertaken with cyclopropane anes- 
thesia and controlled respiration. The small intestinal 

















lumen was found filled with blood and a marginal 
ulcer was noted at the gastrojejunostomy site. The 
gastric remnant was mobilized, at which point the 
patient expired. At autopsy performed 11 days post 
mortem no marginal ulcer could be demonstrated in 
the autolyzed gastrojejunal mucosa. However, the 
entire gastrointestinal tract was filled with blood, and 
in addition there was marked arteriosclerosis, fatty 
degeneration of the liver, and arteriolar nephrosclero- 
sis. 


This case then, was one of an elderly 
cachectic patient with pulmonary fibrosis 
and emphysema, marked dehydration, and 
marked anemia secondary to hemorrhage 
from a marginal ulcer, where blood, fluid, 
and electrolytic deficiencies were inade- 
quately replaced before surgery. 


Case 2. In 1945, a poorly nourished white male, 
aged 63 years, had lost 93 pounds in weight since 
discharge from a tuberculosis sanatorium 4 years 
prior to admission. He complained of rectal bleeding 
and a gradually enlarging mass protruding from the 
anus of 1 month’s duration. Physical examination 
revealed tracheal shift to the right, posttussic rales at 
both bases, and an annular fixed mass at the anorectal 
junction, biopsy of which proved to be adenocarci- 
noma. Abdominoperineal resection was undertaken 
with a preoperative hemoglobin of 15.0 grams. Under 
cyclopropane anesthesia the abdominal portion of the 
procedure was performed through a left rectus inci- 
sion. There was appreciable blood loss with 2,000 
cubic centimeter replacement. The patient was placed 
in lithotomy position, at which time the blood pressure 
was noted to be 90/70; 1,500 cubic centimeters of 
blood were rapidly forced into the veins but the pa- 
tient expired. At autopsy the pelvis contained free 
blood and the perineal pack (2 feet long by 4 inches 
wide) was soaked with blood. There was old caseous 
pulmonary tuberculosis as well as cholelithiasis and 
absence of the lower sigmoid. 


This case would appear to be one in which 
inadequate blood replacement and contin- 
uing operative hemorrhage brought about 
death. Early ligation of the inferior mesen- 
teric artery as well as the middle sacral 
artery might have been helpful. 


Case 3. In 1946, a white female, aged 55 years, 
had rheumatic heart disease with mitral stenosis and 
insufficiency, as well as mild congestive failure and 
classic thyrotoxicosis. She was digitalized and after 
preparation with Lugol’s solution, which reduced the 
initial basal metabolic rate of plus 44 per cent to plus 
25 per cent, subtotal thyroidectomy was carried out 
under avertin and intratracheal cyclopropane anes- 








Lewis ef al.: OPERATING ROOM DEATHS ON GENERAL SURGICAL SERVICE 399 


thesia without incident. Four hours postoperatively 
the neck dressings were soaked with blood and 
changed on 3 occasions during the next hour and 20 
minutes, during which time the patient was given 
vitamin K and an ice bag was applied to the neck. 
Five and one-half hours after surgery the patient was 
rushed to the operating room, cyanotic and gasping 
for air. The low collar neck incision was reopened in 
the operating room but the patient was dead. Bleeding 
was seen to be coming from the superior thyroid vessels 
on the right side. 


Whenever postoperative hemorrhage oc- 
curs after thyroidectomy the wound must 
be opened on the ward, the hematoma evac- 
uated, and the tracheal obstruction thereby 
relieved. Ligation of the responsible vessels 
can be carried out in the operating room 
once the immediate problem is under control. 


Case 4. This para 3, gravida 3, white female, aged 
35 years, underwent right simple mastectomy with 
postoperative radiation for carcinoma of the breast 
at another hospital 2 years before admission in 1949. 
She is described as moderately well nourished, weight 
104 pounds, with a 2 by 2 centimeter mass in the lower 
outer quadrant of the left breast. X-ray examination 
of the chest revealed diffuse radiation fibrosis of the 
right upper lobe. The preoperative hemoglobin was 
12.5 grams, sputum negative for acid fast bacilli, and 
skull, pelvis, and long bone survey was negative for 
metastatic disease. Under surital induction, nitrous 
oxide, oxygen, ether, and cyclopropane anesthesia, 
biopsy and frozen section revealed carcinoma of the 
left breast. A left radical mastectomy was performed 
with the patient hypotensive throughout most of the 
procedure (blood pressure 68/40 average). Hot packs 
were extensively employed to obtain hemostasis. 
Three hours and 25 minutes after the start of surgery, 
cardiac arrest occurred. Cardiac massage was insti- 
tuted through an intercostal incision in the fourth 
left interspace with a delay of approximately 2 min- 
utes. There was a prompt return of heart action but 
10 minutes later ventricular fibrillation supervened 
and death followed. The patient had received 1,000 
cubic centimeters of blood during the operative pro- 
cedure. 


Although operative hemorrhage with in- 
adequate blood replacement would seem to 
be the most outstanding cause of death in 
this case, the prolonged and “multiple” 
anesthesia as well as surgery were contribut- 
ing factors. It is conceivable that some 
degree of cor pulmonale as a result of radi- 
ation fibrosis may have been present, with 
resultant hypoxia. 
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These 4 preceding cases represent operat- 
ing room fatalities primarily due to hemor- 
rhage or inadequate blood replacement. 
Certainly careful hemostasis and accurate 
replacement of blood loss constitute a funda- 
mental precept of good surgery. 


ERROR IN SURGICAL TECHNIQUE 


The next case to be considered may be 
attributed directly to an error in surgical 
technique. 


Case 1. In 1949, a colored female, aged 53 years, 
presented with a 4 by 4 centimeter mass in the upper 
outer quadrant of the left breast. There was retraction 
of the overlying skin, and a clinical diagnosis of mam- 
mary carcinoma was entertained. The patient’s 
general condition is described as excellent. A left 
radical mastectomy was started under nitrous oxide, 
oxygen, ether anesthesia following a biopsy and frozen 
section reported as carcinoma. During the course of 
unroofing the axilla the thoraco-acromial axis was 
inadvertently avulsed from the axillary vein. Instantly 
two short sucking sounds were audible and cardiac 
arrest took place. Cardiac massage through the fourth 
left intercostal space was instituted but to no avail. 
Postmortem needle aspiration of the aorta and pul- 
monary artery was productive of frothy blood con- 
taining large bubbles of air. No autopsy was obtained 
but death was attributed to air embolus. 


MISTAKE IN DIAGNOSIS 


In the following case, death was due to a 
mistake in diagnosis. 


Case 1. A white male, aged 61 years, had survived 
a coronary occlusion 2 years prior to admission in 
1945, at which time he complained of intermittent 
attacks of right upper quadrant pain brought on by 
exercise with radiation to the right shoulder and tip 
of the right scapula. The patient was dyspneic and 
apprehensive. There were scattered rales at both bases, 
epigastric and right upper quadrant tenderness to 
palpation, blood pressure of 140/80, white blood 
count 8,600, polymorphonuclears 72 per cent, 
lymphocytes 26 per cent. An electrocardiogram was 
obtained and revealed a posterior myocardial in- 
farction. The patient was discharged, sustained 2 
attacks of pain at home, both relieved by sublingual 
nitroglycerine, and was readmitted with a diagnosis 
of acute cholecystitis. The electrocardiogram was 
unavailable and the interpretation unknown to the 
surgeons who undertook exploratory laparotomy 
through a right rectus incision. Anesthesia was 
started with nitrous oxide and ether with 60 units of 
intravenous curare for relaxation. No intra-abdominal 
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disease whatever was discovered. Following a second 
injection of 40 units of curare the patient became 
cyanotic, the pupils dilated, blood pressure fell to 
30/0, and death ensued despite plasma, artificial 
respiration with oxygen and intravenous ephedrine. 
Subdiaphragmatic cardiac massage was maintained 
for 30 minutes. 

The mistake in diagnosis in addition to 
the combination of ether and curare with 
prolonged hypoxia (endotracheal airway 
could not be inserted) doubtless brought 
about the death of this patient. It seems 
needless to emphasize the importance of a 
careful and complete preoperative evalua- 
tion of the cardiopulmonary mechanism in 
all cases and particularly in a patient of this 
age with such complaints. In this case the 
surgeon obtained the necessary information 
but did not have it available prior to sur- 
gery. This must be considered an example 
of poor judgment and eagerness to operate. 


CARDIAC ARREST 


There were 3 cases of cardiac arrest re- 
sulting in operating room fatalities, in 2 in- 
stances with associated heart disease and in 
the third with no known cardiac lesion. 


Case 1. In 1946, a white male, aged 55 years, had 
had a known duodenal ulcer of 9 years’ duration as 
well as toxic amblyopia due to methanol. He was 
moderately well nourished and well developed with 
minimal epigastric abdominal tenderness, right upper 
extremity disarticulated at the shoulder (trolley acci- 
dent in 1903). There was high gastric acidity, minimal 
fasting gastric residual, and by x-ray examination 
an ulcerating lesion in the first portion of the duo- 
denum. Nonprotein nitrogen was 30, hemoglobin 11.0 
grams, Wassermann negative. 

A transthoracic vagotomy was undertaken under 
cyclopropane anesthesia and the chest opened through 
the bed of the eighth left rib. There were numerous 
pleural adhesions and the left lower lobe was torn and 
sutured early in the procedure. The esophagus was 
mobilized, the right vagus nerve was injected with 1 
per cent procaine, and 5 minutes after resecting a 4 
centimeter long segment of vagus nerve, cardiac 
arrest occurred. Despite 1 hour and 20 minutes of 
cardiac massage as well as intravenous atropine and 
adrenalin, death ensued. 


There would seem to be no very clear 
cause of death in this case. Respirations per- 
sisted after cardiac asystole suggesting death 

















primarily due to collapse of the cardiovas- 
cular mechanism. Possibly cyclopropane 
anesthesia rendered the myocardium irri- 
table and asystole was initiated by vagal 
manipulation. The literature contains 1 re- 
port of a similar case. 


CasE 2. In 1948, a white female, aged 37 years, 
presented herself with essential hypertension and a 
toxic nodular goiter. Blood pressure was 180/90. 
There was slight exophthalmos, a grade 1 diffuse 
systolic murmur at the apex, and a soft nodular bi- 
lateral enlargement of the thyroid to 3 times its 
normal size. Preoperatively the patient received 
propylthiouracil for 1 month, and 10 days of iodine 
in the form of Lugol’s solution, which reduced the 
original basal metabolic rate of 80 per cent to a pre- 
operative level of plus 27 per cent. A right subtotal 
thyroidectomy was performed under orotracheal ether 
anesthesia without incident. The gland was friable 
and quite vascular, and during the procedure the 
patient’s temperature rose to 102.6, and pulse rate to 
160. As a result of these complications a staged opera- 
tion was decided upon. 

The second stage, or left subtotal thyroidectomy, 
was undertaken 3 weeks later, the preoperative basal 
metabolic rate being plus 26 per cent. The official 
temperature as recorded by the weather bureau on 
August 11, 1948 at 10:00 a.m. was 100.4. 

Employing orotracheal ether anesthesia, a subtotal 
resection of the left lobe of the thyroid was carried 
out, the gland again being soft, vascular, and quite 
friable. During the surgery the patient ran a pulse of 
140 to 160 with a constantly elevated blood pressure. 
As the skin clips were being placed cardiac arrest 
occurred. Subdiaphragmatic cardiac massage was 
instituted through an epigastric incision, and positive 
pressure respiration was employed by the anesthetist. 
The wound was reopened and found to be without 
abnormality. Despite these measures death occurred. 
A postmortem rectal temperature read 105.6. 


Death was thought to be due to thyroid 
crisis, heat exhaustion, and terminal cardiac 
arrest. In general all except emergency sur- 
gery should be postponed on such a hot day 
unless the rooms are air-conditioned or mod- 
ified refrigeration (such as an ice-water 
blanket) is used. 


Case 3. In 1947, a white male, aged 80 years, in 
addition to a right reducible indirect inguinal hernia, 
was found to have arteriosclerotic heart disease, 
hypertensive cardiovascular disease (blood pressure 
180/110), and an enlarged prostate. There were a 
few moist rales at the right lung base, a negative 
Wassermann, hemoglobin of 13 grams, and 2 to 3 
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white blood cells per high power field in the micro- 
scopic urinalysis. One-half hour after preoperative 
sedation of 50 milligrams of meperidine, 0.0004 gram 
of scopolamine, and 0.1 gram of pentobarbital, repair 
of the hernia was undertaken under 1 per cent pro- 
caine local anesthesia (the amount used is not re- 
corded). Just as the hernia repair was started, after 
ligating the hernia sac, death occurred. Artificial 
respiration and intracardiac adrenalin were of no 
avail. Cardiac massage was not undertaken. 


No autopsy was performed. Other than 
dehydration, and possibly excessive preop- 
erative medication, no cause of death is 
evident. It would seem possible that some 
other process, unrecognized before surgery, 
led to this patient’s demise. 


OTHER CAUSES OF DEATH 


The remaining 6 cases in this series are 
those in which the cause of death fails to fall 
into any of the 5 preceding general groups. 
Death as a result of fat embolus is a much 
discussed subject not often proved patho- 
logically. The following is such a case. 


Case 1. In 1945, a white female, aged 73 years, 
was admitted with an intertrochanteric fracture of the 
left hip 21 hours after injury. She was found to have 
arteriosclerotic heart disease with an enlarged heart, 
auricular fibrillation, and mitral insufficiency as well 
as hypertensive cardiovascular disease (blood pressure 
200/114). In addition, there was an enlarged left 
lobe of the thyroid, which apparently pressed on the 
trachea, and marked bilateral varicose veins of the 
lower extremities. Induction with ether anesthesia 
was carried out without incident, and the patient was 
placed on an orthopedic table where reduction of the 
hip was effected. After 11 minutes of anesthesia, 
cyanosis and respiratory difficulty ensued, and death 
occurred 16 minutes after the start of anesthesia. 


No autopsy was obtained but the sudden 
respiratory embarrassment coming on after 
manipulation of the hip is certainly sug- 
gestive of massive fat embolus. On a back- 
ground of hypertensive cardiovascular dis- 
ease with auricular fibrillation, acute cardiac 
failure, perhaps as a result of a coronary 
occlusion, should also be considered. 


Case 2. In 1947, a white female, aged 41 years, was 
admitted to the chest service with far advanced pul- 
monary tuberculosis (III C). She was poorly nour- 
ished and developed, dyspneic at rest, and orthopneic. 
Past history revealed that a therapeutic abortion with 
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ligation of the fallopian tubes had been carried out 
through a lower midline incision. Temperature was 
100.4, pulse 120. There was a watery discharge from 
the left ear, a respiratory lag on the left with dullness 
to percussion, harsh bronchovesicular breath sounds, 
medium moist posttussic rales, and decreased tactile 
fremitus over both apices posteriorly. The patient was 
started on bed rest and after a brief interval com- 
plained of lower abdominal pain and vomited once. 
Moderate relief was obtained after administration of 
an enema. The admission white blood count was 
8,700. The abdominal pain increased in severity, 
the abdomen became distended, there was frequent 
vomiting with generalized abdominal and _ rectal 
tenderness as well as marked rectus spasm most ap- 
parent on the right side. The temperature rose to 103 
with a leucocytosis of 34,000, and a diagnosis of diffuse 
peritonitis was entertained. The patient was taken to 
the operating room where spinal anesthesia was 
instituted resulting in a level to the tenth dorsal verte- 
bra. The peritoneal cavity was opened through a 
McBurney incision. Approximately 1,000 cubic centi- 
meters of foul, fecal smelling, fluid was aspirated from 
the peritoneal cavity and a normal appendix was 
observed. The McBurney incision was closed, the 
patient was anesthetized with cyclopropane and a 
long right rectus incision was made. A volvulus of the 
transverse colon was found resulting from adhesions 
at the site of the previous incision and a perforation 
was noted in the closed loop of transverse colon. The 
adhesions were divided and a decision made to resect 
the transverse colon. This was rapidly performed, and 
as the terminal ileum and sigmoid colon were being 
brought out as a Mikulicz exteriorization cardiac 
arrest occurred. Plasma was given rapidly, cardiac 
massage was carried out subdiaphragmatically, but 
death followed. 


There is no note that fluids or blood were 
administered preoperatively in this case and 
no attempt was made to institute intestinal 
decompression by tube. The patient’s condi- 
tion was critical on arrival in the operating 
room. Preoperative x-ray films would in all 
likelihood have given a better chance of ac- 
curate preoperative diagnosis. No pulse or 
blood pressure could be obtained through- 
out the procedure and in view of the shock 
and hypotension, spinal anesthesia may have 
been a poor choice. Had the preoperative 
diagnosis been made, some less formidable 
procedure than colectomy might have been 
undertaken. 


Case 3. In 1948, a white male, aged 57 years, had 
chronic osteomyelitis of the left femur resulting from 


» April 1955 








a compound fracture due to shrapnel wounds sus 

tained in World War I. The patient had undergone 6 
operations since the original injury and had fallen 5 
days before admission, injuring his left knee. The 
patient gave a long history of chronic alcoholism and 
showed evidence of impending delirium tremens. The 
patient was obese, appeared older than the stated 
age, and there was a large, grossly infected, foul 
smelling wound on the lateral aspect of the left thigh 
above the knee, through which the femur was visible. 
Roentgenograms revealed chronic osteomyelitis with 
a large area of excavation containing large and small 
sequestrae. The patient was treated with penicillin, 
sulfadiazine, as well as local moist heat and débride- 
ment with prompt clearing of the cellulitis and local 
infection. The patient was taken to the operating 
room where an extensive débridement and sauceriza- 
tion was carried out under cyclopropane anesthesia. 
The patella was excised, and the knee joint arthro- 
desed by means of crossed Steinmann pins. Over a 
period of 3 hours the patient received 1,500 cubic 
centimeters of whole blood. The operative wounds 
were closed loosely, and the patient was transferred 
to an orthopedic table in order to apply a plaster hip 
spica. While this was in progress, cardiac arrest oc- 
curred. The chest was promptly opened in the fourth 
interspace and cardiac massage instituted. The heart 
beat returned 3 times but after 2% hours of attempted 
resuscitation the patient was pronounced dead. There 
was no evidence of respiratory obstruction, and exami- 
nation of the operative wound revealed no evidence of 
massive hemorrhage. No autopsy was obtained. 


Circulatory collapse occurred during anes- 
thesia immediately after moving the patient. 
Considering the trauma of this prolonged 
surgical procedure on a background of im- 
paired homeostatic mechanisms, chronic 
alcoholism possibly with amyloidosis, as a 
result of chronic infection, some less exten- 
sive surgical operation might have been 
deemed wiser as a first stage. Blood replace- 
ment appears to have been adequate since 
at least 2 hours of surgery were conducted 
with a pneumatic tourniquet in place. 


Case 4. A white male, aged 54 years, had undergone 
plication of a perforated duodenal ulcer in 1943 and 
in 1948 was admitted with a 24 hour story of sharp 
stabbing midabdominal pain of sudden onset with 
associated nausea, frequent vomiting, and passage of 
3 or 4 tarry stools. The patient is described as pale, 
emaciated, and acutely ill; disoriented, with cyanotic 
nail beds and a “‘board-like” distended abdomen. No 
peristaltic sounds could be heard. An erect film of the 
abdomen revealed free air as well as fluid in the peri- 
toneal cavity. There was a 2 plus albumin in the 
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irine, with guaiac positive stools, hemoglobin 14 
rams, and white blood count 18,000 with 80 per cent 
olymorphonuclears. Preoperatively the patient re- 
eived 1,000 cubic centimeters of blood, 250 cubic 
entimeters of plasma, and 1,500 cubic centimeters of 
per cent glucose/saline. He was taken to the operat- 
g room approximately 12 hours after admission, 
ithout having received any preanesthetic medica- 
mn. Temperature was 98.4, pulse 113, respirations 
, blood pressure 112/60. Using 1 per cent procaine 
, intercostal nerve block was carried out and induc- 
mn with ether and oxygen was started. Immediately 
¢ patient became completely unmanageable, and 
d. Resuscitation was evidently not attempted. 
At autopsy there was a perforation of the anterior 
ill of the first portion of the duodenum, 34 inch in 
imeter with an acute, diffuse, suppurative, and 
emical peritonitis. 


The findings at autopsy suggested that 
erforation occurred long before the onset 
iven by the patient who, being disoriented, 
ould not have been too reliable. There is 
.o mention of preoperative gastric suction, 
vhich might have been the wisest form of 
herapy in a case of this sort. Poor surgical 
udgment, timing, and preoperative treat- 
inent were evident in this case. 


Case 5. In 1948, 11 hours before admission a white 

nale, aged 60 years, noted that a right inguinal 
.ernia, reducible and asymptomatic for many years, 
uddenly enlarged and became painful. There was 
associated abdominal pain, distention, vomiting, and 
passage of 2 or 3 grossly bloody stools. The patient 
collapsed after admission and was found to be ema- 
ciated, acutely ill, temperature 101, blood pressure 
80/60, pulse 116, respirations 40. The abdomen was 
distended, peristaltic rushes could be heard over the 
scrotum, and the hernia was reduced en bloc during 
examination. The patient passed blood by rectum and 
+ attempts to obtain urine by catheterization revealed 
no urine present in the bladder. Hemoglobin was 13, 
red blood count 5.1, white blood count 14,000, non- 
protein nitrogen 47, chlorides 484. Attempts to pass a 
Miller-Abbott tube resulted in the vomiting of 500 
cubic centimeters of bloody fluid. 

The patient was taken to the operating room where 
attempts again were made to pass a nasogastric tube, 
which resulted in further vomiting and cyanosis. 
Respiratory standstill occurred and an endotracheal 
tube was passed. Despite controlled respiration with 
100 per cent oxygen, death ensued. 


No surgery or anesthesia was undertaken 
in this case; however, the patient is included 
in this series since death occurred in the 
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operating room. It would appear that some 
abdominal catastrophe occurred perhaps 
unrelated to the inguinal hernia, for ex- 
ample mesenteric thrombosis, or intussus- 
ception. There was extreme dehydration, 
profound shock with vomiting of blood and 
probable aspiration. Before being taken to 
the operating room the patient received an 
infusion of 1,000 cubic centimeters of 5 per 
cent dextrose in water; however, no blood 
transfusion is recorded. 


Case 6. In 1945, a white male, aged 48 years. was 
admitted to the chest service, unable to swallow any- 
thing other than fluids, with a tentative diagnosis of 
esophageal carcinoma. Four years previously he had 
sustained a fractured skull with associated left hemi- 
paresis which had gradually resolved following 1 
month of hospitalization, during which bilateral 
trephines and a left parietal flap had been performed. 
Exact details of the neurosurgery are unknown. 
Shortly after admission a Janeway gastrostomy was 
done for feeding purposes and this was followed by 
right lower lobe pneumonia, a pleural effusion which 
was tapped, and presently thrombophlebitis in the 
left leg thought to be secondary to a Lindemann 
needle inserted into a vein at the left ankle. The Jane- 
way gastrostomy stump became necrotic and the pa- 
tient went into shock as a result of gas gangrene in- 
fection of the right leg. He was taken to the operat- 
ing room in grave condition, with temperature of 
103.8, blood pressure 80/76, pulse 120. Anesthesia was 
started with open drop vinethene, and 20 minutes 
later, 17 minutes after starting incision and drainage 
of the right leg, the patient expired. 


No autopsy was performed but it would 
appear that this was a circulatory accident 
on a basis of cachexia, shock, dehydration, 
and toxemia due to his anaerobic infection. 
A hemoglobin of 13 grams is reported on 
admission. 


SUMMARY AND CONCLUSIONS 


In conclusion, we have reviewed our ex- 
periences with 17 operating room fatalities. 
Violations of such fundamental concepts as 
having the stomach empty prior to general 
anesthesia, adequate blood and fluid re- 
placement preoperatively, careful hemosta- 
sis, adequate blood replacement during sur- 
gery, and careful choice of anesthetic agents 
caused some of these unfortunate deaths. 
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As has been widely noted in the surgical 
literature, cardiac massage should be ‘car- 
ried out through the open chest and pref- 
erably with the pericardium open. In sev- 
eral of the cases in this series cardiac massage 
was attempted from below the diaphragm, 
which method has been proved to result in 
a low cardiac output, inadequate cerebral 
circulation, and subsequent cerebral anoxia. 

It is sincerely hoped that these experiences 
reported here may be of benefit to other sur- 
geons. Urgent surgery is often undertaken 
at night, in extenuating circumstances. Fre- 
quently several hours of delay would afford 
a better hydrated patient, and possibly more 
skilled assistance. Adequate blood should be 





available before inducing anesthesia, and 
certainly routine laboratory studies should 
be obtained. If a diagnosis is in question, 
every effort should be made to rule out seri- 
ous cardiopulmonary, renal, or central nerv- 
ous system disease. A critical evaluation of 
the problem at hand should lead to surgery 
within the patient’s tolerance and still afford 
effective relief. Poor risk patients do not tol- 
erate mistakes either anesthetic or surgical. 
A two-staged procedure.is often advisable 
with a seriously ill patient, particularly those 
suffering from intestinal obstruction, con- 
gestive heart failure, and other complicating 
factors over and above the primary patho- 
logic condition. 











iNTRAPROSTATIC INJECTION OF 


| ADIOACTIVE YTTRIUM CHLORIDE IN THE DOG 


\\ HAVE REPORTED previously on the dis- 
i bution and excretion of radiogold and 
r lioactive chromic phosphate colloids fol- 
|. ying intraprostatic injection in the dog 

2). In the present work we have ex- 
t ided these observations to radioactive 
y rium chloride. 


Mi FTHODS 


(he methods for injection of the radio- 
a: ‘ive material, collection of samples, assay 
0! radioactivity, and preparation of histo- 
lu sie sections have been described (1, 2). 
Yiirium chloride containing Y* with a 

cific activity of 1 millicurie per milligram 
was used. The solution was diluted to an 
ivity of 0.5 millicurie per milliliter for 
injection. Briefly, the radioactive yttrium®” 
cliloride solution was distributed through 
the lobes of the prostate in 19 mongrel dogs 
hy injection from a shielded syringe. In 9 
animals no attempt was made at mechanical 
distribution through the gland other than 
the use of pressure. In the remaining 10 
animals the solution was distributed as uni- 
formly as possible through the parenchyma 
by moving the needle around through the 
primary injection site. Animals were housed 
in metabolic cages for collection of urine 
samples, and blood samples were obtained 
at 24 hour intervals for 5 days. Animals 
were sacrificed after 1 week to obtain tissues 
for radioactive assay, and at intervals up to 
3 months for histologic study. 
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The average weight of the prostate glands 
was 17.7 grams with a range of 8 to 61 
grams. The average dose was 0.11 milli- 
curie per gram of gland delivered in an av- 
erage volume of 0.23 milliliter per gram. 
The average radiation dose delivered was 
2.5X10* equivalent roentgens per gram, 
assuming uniform distribution. The two 
methods of injection produced no difference 
in urinary excretion on tissue distribution. 
RESULTS 

The average data obtained in 9 animals 
on the urinary excretion of radioactive 
yttrium injected intraprostatically as the 
chloride is shown in Figure 1. The major 
excretion occurs in the first 48 hours with 
only small amounts eliminated during the 
subsequent 48 hours. 

The level of radioactivity in the blood 
remained fairly constant over a 120 hour 
period. The values ranged from 1 X 10% to 3.0 
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Fic. 1. Average cumulative urinary excretion of 
radioyttrium after intraprostatic injection in dogs. 











Fic. 2. Cross section of prostate showing areas of acute 
necrosis and hemorrhage (dark areas) 1 week after in- 
jection. 


per cent of the dose administered per liter of 
blood. 

The distribution of radioactivity in vari- 
ous organs after intraprostatic injection is 
given in Table I. The data represent the 
average values obtained in 7 animals sacri- 
ficed 1 week after injection of the isotope 
and are given as percentages of the dose 
injected remaining in the body and present 
in the organ. The amount excreted in the 
urine has been subtracted from the dose 
administered. After removal of the bladder, 
prostate, urethra, and identifiable lymph 
nodes survey with a portable Geiger-Mueller 
counter disclosed that a large amount of 
radioactivity was distributed through the 
pelvic tissues. For technical reasons, estima- 
tion of the exact amount present in the 


TABLE I.—DISTRIBUTION OF RADIOACTIVE YT- 
TRIUM AFTER INTRAPROSTATIC INJECTION IN 
THE DOG 


Percentage dose remaining in 


Organ animal present in organ 
Prostate..... tea Mateos mie 32.4 
BEAR 5 circs sis sctnes Ne ngemie . 0.2 
LS ae er ae Pare : : 5.8 
er Ox z 0.4 
TRIN 5S case SE Mewes eer 0.5 
REIN Sarees hordes sae : 0.3 
Lymph nodes*........... ae 125 
Bone MRARTOW” «5.5.5 5.55 6 seus cee 0.003 


*Percentage of dose remaining present per gram of tissue. 
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pelvic tissues was not possible but it would 
appear that the major portion of the activity 
not accounted for elsewhere was localized in 
this area. 

Animals sacrificed at intervals varying 
from 1 week to 3 months showed gross 
changes only in the prostate with its im- 
mediately surrounding structures and the 
lymph nodes draining the prostatic area. 
In over half the animals there was marked 
capsular reaction which resulted in dense 
periprostatic adhesions by the end of 3 
months. There was about the same inci- 
dence of hemorrhagic edematous and en- 
larged regional lymph nodes, although the 
two findings were not necessarily present 
concurrently. Two animals were observed 
to have gross radiation reaction in lymph 
nodes as high as the renal pedicle along the 
periaortic chain, and 1 was found to have 
gross changes in the mesenteric lymph 
nodes. Most, however, showed mark radia- 
tion changes only in the large iliac lymph 
nodes. Gross changes due to radioactive 





Fic. 3. Higher magnification of section in Figure 2 of 
area showing subcapsular hemorrhage. 














yttrium were not found in the lungs, liver, 
spleen, bone marrow, muscle, or kidneys at 
autopsy. 

Microscopically yttrium chloride caused 
in acute radiation reaction characterized by 
;emorrhage and necrosis (Figs. 2 and 3). In 
ome dogs there was moderate exudative 
‘action with collections of inflammatory 
ells, especially beneath the capsule. The 
cute reaction was limited to rather small 
ireas in most instances. Prostates injected 
vith attempts at mechanical distribution 
howed more widespread areas of radiation 
amage than glands in which no attempt 

as made to disperse the material mechani- 

ily. Large numbers of unchanged prostatic 
landular structures were preserved in all 
pecimens examined. In some instances the 
brous septa normally present in the dogs’ 
rostates seemed to act as barriers against 
pread of the radioactive solution. Some of 
he specimens demonstrated spread beneath 
ne capsule rather than throughout the 
arenchyma, resulting in peripheral necro- 
s and hemorrhage (Fig. 3). In other 
nstances, the solution apparently entered 





ric. 4. Healing process in prostate with beginning 
fibrous replacement in area of necrosis 4 weeks after 
injection, 
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Fic. 5. Completed healing 3 months following injec- 
tion. Normal tissue is apparent within and adjacent to 
scar. 


directly into the urethra. The healing 
process, consisting chiefly of replacement of 
necrotic areas with fibrous connective tis- 
sue, decrease in the number of glands, and 
reduction in size of the prostate, began at 4 
to 6 weeks (Fig. 4) and was essentially com- 
plete at the end of 3 months (Fig. 5). 

Some prostatic glands showed cystic 
dilatation and areas of pigmentation. Many 
areas of apparently normal prostatic tissue 
were preserved. The large iliac nodes in 
which radioyttrium was present showed 
marked radiation reaction characterized by 
hemorrhage, decrease in the number of 
follicles, some central necrosis, and _ pig- 
mentation. 

Histologically, there were no changes in 
the lungs, liver, spleen, kidney, muscle, 
bladder, or urethra which could be attrib- 
uted to radiation effects. 


DISCUSSION 


The urinary excretion of radioactive 
yttrium following intraprostatic injection 
does not differ significantly from that ob- 
served with radioactive colloidal gold and 
chromic phosphate. Apparently a consider- 
able amount of the radioyttrium enters the 
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urethra and bladder at the time of injection 
or shortly after, with continuing excretion 
during the second 24 hours. 

There is no damage to the urethra from 
exposure to this level of radioactivity as 
judged by histologic studies. Although only 
one-third of the yttrium remaining in the 
animal was found in the prostate, this is 
more than 3 times the amount remaining 
after injection of radiogold or radioactive 
chromic phosphate. Some yttrium is dis- 
tributed to distant organs by the vascular 
route. The liver is the only organ which 
contained more than 1 per cent of the ac- 
tivity and the content was half that found 
in studies with radiogold or radioactive 
chromic phosphate. The remainder of the 
radioyttrium apparently leaves the prostate 
along lymphatic channels to the regional 
nodes or by direct extension along the 
fascial planes of the pelvis. One of the 
striking features observed at autopsy was the 
large number of lymph nodes showing gross 
radiation change as compared with our 
previous observations, using other radio- 
active materials. Although radioyttrium in 
sufficient concentration is capable of de- 
stroying tissue, the inability to achieve uni- 
form distribution through the parenchyma 
has prevented complete destruction of the 
prostatic gland. This same limitation applies 
in the use of radiogold or colloidal chromic 
phosphate. 

The greater retention within the prostate 
itself as well as the wider distribution in the 


regional lymphatics suggests that radio- 
yttrium offers advantages over radiogolc 
and radioactive chromic phosphate in the 
treatment of carcinoma of the prostate. 


SUMMARY 

1. The excretion and distribution of ra- 
dioactive yttrium chloride after intrapros- 
tatic injection in the dog have been studied. 

2. Approximately one-half of the injected 
radioactivity is excreted in the urine, the 
major portion during the first 48 hours. 

3. One-third of the radioactivity remain- 
ing in the body was found in the prostate 
with only small amounts in distant organs. 

4. Radiation effects observed in_ the 
prostate initially were characterized by 
hemorrhage and necrosis followed by heal- 
ing with fibrous replacement of glandular 
tissue. 

5. Uniform distribution of the radioactive 
material through the parenchyma of the 
gland could not be achieved. 

6. High levels of radioactivity were found 
in the regional lymphatics and tissues of the 
pelvis in over half of the animals. 
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INJURIES OF PUBOCOCCYGEUS 


I. Detection and Cure of Recent Injuries in Primiparas 


-DWARD GOMER JONES, M.D., F.A.C.S., Los Angeles, California 


[HE OBSERVATION of patients with pubo- 
occygeal injury of the types described in 
section I (2) indicated the need for a study 
f similar injuries occurring immediately fol- 
owing childbirth. The purpose of this in- 
estigation was to (1) detect complete and 
yartial pubococcygeal injuries following de- 
ivery, (2) attempt to determine the type of 
lelivery which produced them, and (3) de- 
ise methods of intensive early treatment 
imed at repairing the injury. Cases studied 
vere first seen in the special clinic for stress 
ncontinence. Minor injuries of the pubococ- 
ygeus were frequently seen and occasion- 
illy complete atrophy and paralysis of the 
nuscle were noted in association with the 
rimary complaint. 


rlOLOGY 


The common factor in the women with 
permanent injuries studied was childbirth. 
Ihe precipitating factors during delivery 
could not be definitely determined, al- 
(hough many of the women stated that they 
had difficult delivery. 


PHYSIOLOGIC PATHOLOGY 


Injuries, involving the entire pubococ- 
cygeus may be caused by a complete disrup- 
tion or evulsion of the muscle from its origin, 
or may occur subsequent to involvement of 
the main nerve trunks to the muscle. In the 
instance of complete disruption, no therapy 
carly or late can be beneficial, as muscle 
disruption is followed by atrophy and fibro- 
sis. If there is major nerve trunk involve- 
ment, early therapy is positively indicated as 
the point of injury of necessity is within the 
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pelvis and thus only a few centimeters from 
the point of reinnervation. If the muscle 
exercised can be actively or passively main- 
tained until nerve regeneration occurs in a 
manner similar to crush injuries of the ex- 
tremities, atrophy and fibrosis may be pre- 
vented while the muscle regains its activity 
and strength. 

Minor injuries may be caused by disrup- 
tion of either small muscle bundles or the 
nerve supply to muscle groups. These injur- 
ies obviously can be treated favorably by 
active exercise, as the normal muscle bun- 
dles hypertrophy, and denervated groups 
may be maintained by passive movement 
until nerve regeneration occurs. 

SELECTION OF PATIENTS 

Primiparas alone were selected, except in 
the group to demonstrate the effect of pre- 
cipitous labor. Recent injuries could then be 
identified free of confusion with lesions from 
previous deliveries. The number of patients 
was increased until one definite complete 
unilateral injury of the pubococcygeus was 
cured by active treatment. Approximately 
200 primiparas were examined. The number 
of primiparas seen in theclinic represented 10 
per cent of the total number delivered in the 
hospital during the period of investigation. 
It has thus been impossible to establish an 
exact incidence of the total number of in- 
juries per thousand deliveries. The series 
also shows selection in the direction of pa- 
tients with difficult deliveries. This is re- 
flected in the excessive number of patients 
with persistent posterior or transverse arrest 
positions, when compared with those occur- 
ring routinely. The observed incidence was 
5 times greater than expected. 
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TABLE I.—ANALYSIS OF CASES 


Case 7 
PETE IE ooo kn So 5a lene es eens 15, col. 
L.O.A.-O.A. 


(PRINS 35.5. cse dec cstweunuasyum sens 


Glinicaldiagnosis..........4..060<4 


coccygeus 

Initial electromyographic diagnosis. ... . Complete denervation; rt. 
pubococcygeus 

Time from delivery to start of intensive 3 


cnet aC, La an a a are 


RODE DTADY occ ison be nas s Seeees 

tive exercise 

Time from delivery to clinical return of 5% 
PUNTA ENON AIIOTACAS oo. s, oon. '6 6 000s aes sie 


Final clinical evaluation............... 


narrow clefts 


Final electromyogram ............ 


units 


The charts available for statistical anal- 
ysis were those of 167 primiparous women 
and 24 multiparous. 

DETECTION OF INJURIES 

Examination. The first clinical examina- 
tion was undertaken 3 weeks postpartum. 
Verbal instruction was the first step in 
achieving levator function. This was fol- 
lowed by direct observation of the move- 
ment of the perineal body. Usually, one 
could determine whether or not the patient 
could contract the pubococcygei by the de- 
gree of elevation of the perineum. A careful 
one finger examination was then performed 
to identify levator contraction on each side. 
The patients with good contraction and no 
injuries were released from further study. 
The remaining patients were instructed to 
exercise 10 times every 30 minutes and dur- 
ing voiding. 

The second evaluation was made 3 weeks 
later, 6 weeks postpartum. By this time most 
of the remaining group had achieved aware- 
ness of tension of the levators. A few pa- 
tients were given additional help with the 
perineometer and electrical stimulation. Re- 
peat examinations were made every 2 weeks. 
It should be emphasized that there is no ap- 


Complete injury, rt. pubo- 


Electrical stimulation; ac- 


1032 months; complete re- 
covery except for few 


Rt. ant. and post., 44: com- 
plete recovery; mid 14: 
fibrillation and motor 


Case 2 


Case 3 
25, cauc. 


L.O.A.-O.A, 


17, mex. 

O.P.-L.O.P.-O.A.; midfor- 
ceps; large baby 

Poor contraction, bilateral; 

It. with greater injury 


Nearly complete injury 


Nearly complete denerva- 
tion, rt; partial denerva- 
tion, It. 


Moderate denervation, bi- 
lateral 


2 


NO 


Active exercise with peri- 
neometer 


Electrical stimulation; ac- 
tive exercise 


6 4 


10’ months; complete re- 6 months; complete recov- 
covery, bilateral, min- ery, bilateral; thin muscle 
imal scarring on rt. type 


Rt., 80 per cent recovered; 
20 per cent with moder- 
ate fibrillation still pres- 
ent; It., completely re- 
covered 


Rt., 90 per cent recovered ; 
It., 70 per cent recov- 
ered; 30 per cent with 
moderate fibrillation still 
present 


preciable atrophy and scarring of muscle at 
this time. Injury can only be detected by 
noting lack of movement of one or both 
pubococcygei. 

Electromyography. The first electromyo- 
graphic study was performed after 3 months 
of therapy by active exercise. By this time 
examinations had established the impression 
of major injury. The needles were placed 
through the belly of the muscles slightly be- 
low the midlateral area of the vagina from 
the introitus to near the cervix in 6 or 8 suc- 
cessive insertions. These studies served to 
confirm the clinical impression of injury, 
and to disclose whether they were primarily 
nerve injury or muscle disruption (Table I). 

Clinical impressions based on muscle 
movement become difficult when there is 
little movement on either side, or if the in- 
jury on one side is of a very minor nature. 
Repeated examinations help to resolve this 
difficulty. Some of the women with minor 
injuries failed to return for more than one 
examination, so that a definitive diagnosis of 
injury was impossible. Fortunately, the pa- 
tients who had major injury were followed 
throughout the course of study. 

Electromyography, while being more 
exact in telling the nature of injury when 














ecorded, is limited by the number of muscle 
planes through which the needle passes. 
Results. The separation of injury from dys- 
unction was a principal problem when both 
vere present, and a definite evaluation was 
iot possible until after the first month or 
wo of study. At the time of the first visit 
fter approximately 2 minutes of instruction, 
27 women (76 per cent) were able to con- 
‘act the pubococcygei and were found to be 
ither free of injury or to have an injury con- 
ned to one side of the pelvis. ‘Twenty-nine 
f the 40 remaining patients returned for 
irther study. Of these, 23 (79 per cent) were 
nproved in contractive ability by the second 
isit. Thus, 6 (4 per cent) of the total series 
equired special instruction efforts. Three 
2 per cent) also were stimulated electrically 
) establish this awareness function and then 
vere started on the perineometer. The latter 
iethods were necessary in order to differ- 
ntiate dysfunction from bilateral injury. 


REATMENT OF INJURY 

Active exercise by the patient alone was 
ised when injuries were discovered. There 
vere 14 minor injuries, and only 8 (57 per 
ent) of these followed treatment as pre- 
cribed and returned as requested for study. 
Seven of them (88 per cent) completely 
recovered the muscle function as determined 
by clinical examination. One patient who 
exercised for 1 month and returned after 8 
months had a persistent partial injury. The 
clinical cures in this group were brought 
about solely by active exercise. 

There were 3 cases of complete injury of 
the pubococcygeus; 2 patients had a com- 
plete unilateral injury, while the third pa- 
tient had a complete unilateral injury and 
an associated lesser injury on the contra- 
lateral side (Table I). The latter required 
clectrical stimulation to initiate pubococ- 
cygeal contraction, followed by active exer- 
cise with visual aid of the perineometer for 4 
months before clinical cure was established. 
She was able to develop small, diffuse con- 
tractions bilaterally early, so to resort to elec- 
trical stimulation was unnecessary. 
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TABLE II.—ANALYSIS OF FACTORS CONTRIBU- 
TORY TO INJURY 


Factors chosen to show correla- 


tion between injury and type of 
delivery as recorded on nearly all of 


the histories 
t. 


tN 


WwW 


wn 


oo 


N=) 


. Persistent 


. Transverse arrest, midfor- 


. Episiotomy. The site of epi- 


. Analgesia and anesthetic. 6. 


. Oxytocics. The women in 7 


. Vaginal or cervical lacera- 8. 


. Precipitous delivery. Inad- 9. 


Results of study of these factors 


Dystocia. The indications of 
dystocia were limited to the 
finding of: (a) second stage 
of labor longer than 2 
hours, (b) pubic arch less 
than 90 degrees, or (c) B.I. 
of less than 8 cm. There 
were no other adequate 
recordings to indicate pel- 
vic type. 


1. a. 14 cases, no injuries 
b. 8 cases, no injuries 
c. 11 cases, one minor in- 
jury 


posterior and 
transverse arrest positions 
were seen sufficiently often 
to be recorded and exam- 
ined statistically. 


N 


. Women with persistent pos- 
terior and transverse arrest 
positions constitute 14 per 
cent of the total series 
studied. 


Ww 


. Each of these factors was 
present in 12 (7%) de- 
liveries; the group totaled 
28 (17%) deliveries. These 
combined groups account- 
ed for 29 per cent of the 
total injuries, but even so, 
this group was so small 
that in comparison with the 
remaining group of non- 
pathologic cases, the differ- 
ence of injury found was 
not statistically significant. 


ceps, vaginal laceration, 
persistent posterior position 
warranted statistical anal- 
ysis. 


> 


. A correlation of labor with 
fetal weight or duration of 
labor were too inaccurately 
recorded to be significant. 


Fetal weight, duration of 
labor. 


uw 


. No injuries associated with 
siotomy was noted, as epi- this trauma were observed. 
siotomy under certain cir- 
cumstances might include 


part of the pubococcygeus. 


Proved to have no relation 
Type of analgesia and anes- to injuries 


thetic used was recorded. 


. The group was too small to 
whom oxytocics were used be significant. 
to increase the effectiveness 


of labor were listed. 


There was occasional con- 
comitant levator injury. 12 
cases, 2 minor injuries. 


tions. Soft tissue injuries 
which were noted after de- 
livery were recorded often 
enough for analysis. 


The multiparous women 
whose childbirth was pre- 
cipitous were also seen with- 
in 3 to 6 weeks postpartum. 
Contraction was noted to 
be good in 23, uncertain in 
1, and no injuries were ap- 
parent. Thus rapid or pre- 
cipitous delivery was not 
found to be a cause of 


dition to the factors noted 
for primiparous deliveries, 
the possible effect on pu- 
bococcygeal injury was 
studied in a group of multi- 
parous women. The possi- 
bility of previous injury in 
the women studied did not 
interfere with the evalua- 
tion as no injuries were 
found. 


levator injuries in the group 
studied. 














Surgery, Gynecology ¢ Obstetrics 





Fic. 1. Complete unilateral injury of pubococcygeus, 
recent. No clinical atrophy or scarring. Injury confirmed 
by electromyographic recordings from needle in muscle, 
7. Muscle contraction by electrical stimulation, 2, to pre- 
vent atrophy until patient can actively contract injured 
pubococcygeus. Stimulation is by small electrode using 
nonpainful current, 3. 


In the other 2 patients contraction was 
good on the uninjured side, whereas no 
contraction could be felt on the opposite 
side. After a 2 months’ trial of active exer- 
cise, No improvement was noted in contrac- 
tile ability of the injured side. The patients 
were then tested by electromyography. The 
extent of injuries disclosed by electromyo- 
graphy confirmed the clinical impression, 
but the distribution of injury did not exactly 
match the clinical findings. ‘This discrepancy 
has been discussed in the foregoing. 

The 2 patients with unilateral injury, one 
on the right and one on the left, were then 
started on intermittent electrical current of 
a nonpainful type. The vaginal electrode 
was placed over the area of injury and the 
current increased until the muscle in the 
immediately adjacent areas contracted 
strongly (Fig. 1). The patients were treated 
for % hour 3 times a week until muscle 
function returned and nerve regeneration 
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occurred; active exercise was maintained be- 
tween treatments. The degree of muscle and 
nerve regeneration was established by elec- 
tromyographic recording (Table I). The 
return of muscle function began in from 1 to 
2 months in the patients treated. The final 
electromyographic study, 4 to 7 months sub- 
sequent to the start of treatment, revealed 
that both patients had achieved nearly com- 
plete bilateral uniformity of pubococcygeal 
muscle size and function. The electromyo- 
graphic findings paralleled the return of 
normal muscle function but indicated that 
the recovery process was still incomplete. 


CONTROLS OF TREATMENT 


It was not possible to follow a series of un- 
treated patients with proved injury to see 
whether spontaneous recovery or permanent 
injury would result without electrical stimu- 
lation. However, there was control type of 
information available. 

1. In Case 1 of my previous article (2) 
levator exercise was performed soon after 
delivery. The final result 3 years later was a 
strong pubococcygeus on the uninjured side, 
with complete atrophy of the injured side. 

2. Two patients in the present series 
(Table I) began exercise soon after delivery. 
The uninjured side, determined by pelvic 
examination, moved well at each examina- 
tion. But the injured side had not moved 
after 3 months of active exercise effort. 

3. Osborne has shown in crush injuries of 
extremities with nerve involvement that 
considerably more atrophy occurred when 
electrical stimulation was withheld. 


STUDY OF FACTORS CONTRIBUTORY TO INJURY 


As soon as definite cures were established 
in both major and minor injuries, the aim 
of the study was consummated and an anal- 
ysis of the possible influencing factors was 
begun (Table II). Ten per cent of the de- 
liveries were accompanied by some injury; 
2 per cent by major injury. 

More than two thirds of the diagnosed in- 
juries occurred in patients not surveyed in 
the special categories mentioned. Most of 














the obstetric histories of these patients 
ailed to reveal any peculiar events which 
vould warrant prediction of injury. 
)ISCUSSION 
It has been shown that major and minor 
ijuries of the pubococcygeus may be cured if 
icy are discovered early and treated active- 
. Jackson and Osborne demonstrate that 
ectrical stimulation retards atrophy in 
vere injuries of the extremities of man. 
he major pubococcygeal injuries observed 
e of this crushing type with nerves and 
‘rve trunks suffering the most damage. 
yrtunately, muscle cell disruption and in- 
itable fibrosis comprise a lesser part of the 
jury. The time of clinical recovery of a 
ven injury depends on the extent and loca- 
on of the damage to the nerves and nerve 
unks supplying the muscles. In the com- 
icte injuries active exercise alone has been 
sufficient to stimulate motion. Movement 
necessary in order to retard or prevent 
irophy. A nonpainful electrical current 
iay be used to produce muscular contrac- 
ion so as to prevent atrophy during the 
icnervation phase. As soon as nerve regener- 
ition has taken place, active exercise has 
uccessfully restored and maintained muscle 
irength. In most instances, minor injuries 
an be clinically cured by active exercise 
ilone, as there is enough active muscle to 
produce passive motion adjacent to the in- 
jured bundles until reinnervation occurs. 
In this survey the separation of muscle 
dysfunction from injury complicated the 
study. It is apparent that the problem of 
cure of injury is facilitated if the ability to 
contract the pubococcygeus actively is estab- 
lished early in pregnancy. It is especially 
important that all mothers be taught this 
exercise, as two thirds of the injuries ob- 
served in this study occurred in women 
whose charts showed no unusual event dur- 
ing delivery. It is apparent that all post- 
partum patients should be treated similarly, 
and that an evaluation of levator function be 
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made and compared with predelivery abil- 
ity at the usual 6 weeks’ postpartum visit. 
As pointed out by Marinacci, 18 to 21 days 
must elapse before denervation reaction can 
be recorded by electromyography. Fibrosis 
begins to develop in denervated muscle in 
about 2 months and continues fairly rapidly 
within the first year. The remaining changes 
thereafter are gradual. Injuries discovered 
at the 6 weeks’ postpartum visit should, 
therefore, be actively treated in the follow- 
ing weeks. Our present study indicates that 
the return of function in these muscles occurs 
within 3 months, and the clinical result is 
usually good. If treatment is omitted or de- 
layed for 1 or 2 years, injuries of pubococ- 
cygeus are followed by atrophy, fibrosis, and 
scarring. No significant recovery can be ex- 
pected and patients remain pelvic cripples. 


SUMMARY 


1. Major and minor injuries of the pubo- 
coccygeus muscle have been detected soon 
after delivery in primiparous patients. 

2. Active exercise alone has_ usually 
produced clinical cure of minor injuries. 

3. The complete pubococcygeal injuries in 
this series have been primarily caused by in- 
jury to nerves and major nerve trunks. Be- 
cause this is a peripheral nerve injury, 
muscle re-education by electrical stimula- 
tion in the regenerative phase, followed by 
active exercise, has proved effective in pre- 
venting permanent atophy and fibrosis. 

4. An outline of treatment is given to in- 
clude these methods in routine antepartum 
and postpartum care. 
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URETERAL OBSTRUCTION FROM ENDOMETRIOSIS 


R. K. RATLIFF, M.D., F.A.C.S., and W. B. CRENSHAW, M.D., Ann Arbor, Michigan 


IT WOULD APPEAR that primary involvement 
of the ureters by endometriosis is an exceed- 
ingly rare phenomenon. Only 5 cases are 
recorded in the medical literature in which a 
single ureter has been obstructed by an en- 
dometrial implant without bladder involve- 
ment. Of these cases, 2 showed actual inva- 
sion of the ureteral wall with projection into 
the lumen of the ureter (primary endo- 
metriosis). The other 3 cases demonstrated 
ureteral obstruction secondary to compres- 
sion from an extraureteral implant (second- 
ary endometriosis). Generalized pelvic en- 
dometriosis was demonstrable in all 3 of 
these latter cases. Goodall also has reported 
2 cases of bilateral ureteral obstruction and 
death from very extensive ‘‘stromal”’ endo- 
metriosis freezing the entire pelvis. These 
cases did not respond to castration or irra- 
diation and were practically sarcomatous in 
nature. 

In the German literature in 1943 Navratil 
discusses a case of unilateral ureteral ob- 
struction that is included in this series of 5. 
He also mentions 8 other cases of ureteral 
obstruction from endometriosis gleaned 
from the European literature and personal 
communications, but none of these are dis- 
cussed. ‘They are, obviously, not included in 
this report. 

To these 5 we wish to add 3 more cases of 
unilateral ureteral obstruction secondary to 
compression from pelvix endometriosis with- 
out bladder involvement (Table I). 


SYMPTOMS 


One outstanding characteristic of this en- 
tity is its chronicity. Aside from O’Conor’s 
and Greenhill’s case, pain over the involved 
kidney had been present for over a year, and 
in most cases, 2 years or more. This pain was 
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the chief complaint in all but 1 of the 8 
cases. That patient’s (Case 1) primary com- 
plaint was frequency of urination and dys- 
uria. In all 3 of our cases and in Navratil’s 
case there was a definite relationship of pain, 
either renal or pelvic, to the menses. Just 
preceding or during menses seemed the pe- 
riod of greatest distress. As would be ex- 
pected, those cases without actual intra- 
ureteral invasion of the endometriosis showed 
no cyclical hematuria. In both cases with in- 
vasion of the ureteral lumen gross hematuria 
was demonstrated. In none of these cases 
was there concurrent bladder endometriosis. 
However, Judd in 1921 in his original article 
describing bladder endometriosis, as well as 
Williams in a reported case in 1943, did 
describe unilateral ureteral obstruction from 
endometrial implants of the bladder over- 
lying the ureterovesical junction. Both of 
these patients permanently lost the function 
of the involved kidney. 


DIAGNOSIS 


The positive diagnosis of endometriosis as 
a cause of ureteral obstruction is exceedingly 
difficult to make. Positive evidence of this 
fact is revealed in that in only 1 of the re- 
ported cases in the literature has the etiologic 
factor of endometriosis been the working 
diagnosis. In fact, in few of the casesis iteven 
considered. It is most commonly confused 
with ureteral tumor, pelvic kidney, non- 
opaque calculus, and inflammatory stricture 
of the ureter. However, several factors may 
aid in the differential diagnosis: (1) Pyelo- 
graphically the obstruction is always seen in 
the lower one-third of the ureter. Although 
renal endometriosis has been reported, no 
obstructing ureteral lesion of the upper two- 
thirds has ever been reported. (2) There is 


1That case was Navratil’s in which there was massive involve- 
ment of the entire pelvis with endometriosis present in the vagina 
from which site a positive biopsy was obtained. 














a Fic. 1. b 


ic. 1. Case 1. a, Intravenous pyelogram demonstrat- 
right hydronephrosis and hydroureter which are 
mdary to endometrial obstruction of the right lower 
ter. b, Retrograde ureterogram demonstrating local- 


nost always concurrent pelvic endometri- 
is. (3) Although not always present, there 

quently is cyclical pain either in the renal 

pelvic areas. (4) Hematuria may be pres- 
it but is all too frequently absent. 

Age relationship seems of little help so 
ng as the patient is between menarche and 
enopause. There seems to be no predilec- 
on for either ureter. 
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Fic. 2. 


ization of the obstruction at broad ligament level. 

Fic. 2. Case 1. Same patient 5 years following hysterec- 
tomy and oophorectomy for endometriosis. Pyelograms 
essentially normal. 


SPREAD 

We will not attempt further to confuse an 
already confused picture as to the etiology of 
transportation of endometrial tissue in endo- 
metriosis. Relative to this it is interesting to 
note, however, that in all but 2 of the 8 cases 
previous pelvic surgery had been performed, 
lending weight to the theory of traumatic 
displacement or “‘spill’’ of endometrial tissue. 


TABLE I.—UNILATERAL URETERAL OBSTRUCTION FROM ENDOMETRIOSIS 


Year Age, 
Cases reported yrs. Symptoms 
*1 1941 37 Right loin pain. Frequency; 
Randall’s....... nocturia. Hematuria 
y 1944 28 Right back and abdomen 
Goodall’s 1st case. pain. Dysmenorrhea. 
Pyuria 
1944 43 Left back and flank pain. 
Goodall’s 2nd case Hematuria. Pyuria 
*4 1945 50 Left lumbar pain. Chills; 
O’Conor and fever; pyuria. Hematuria 
Greenhill’s . 
1946 46 Pelvic pain. Severe 
Navratil’s. dysmenorrhea 
6 1954 40 Dysmenorrhea. Menorrhagia. 
OONG caved. oa Dysuria; frequency 
7 1954 35 Cyclical left back pain. 
3: Cy eee Pyuria 
8 1954 41 Cyclical left flank pain. 
CANE Sarees anid Menorrhagia 


; a 2 cases with actual invasion of ureteral wall by endometrial 
implant, 


Duration of 


symptoms Treatment Result 
1 year Right Later developed pelvic en- 
nephroureterectomy dometriosis 
5 years Surgical castration Right autonephrectomy. 
Now asymptomatic 
4 years Surgical castration Left autonephrectomy. 
Asymptomatic 
3 weeks Left Asymptomatic 
nephroureterectomy 
1 year X-ray castration. Marked resolution of left 
Testosterone hydronephrosis 
5 years Surgical castration Asymptomatic. Pyelograms 
normal 
2 years Local excision. X-ray Persistent hydronephrosis. 
castration Left nephroureterectomy 
advised 
2 years Surgical castration Asymptomatic 
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Fic. 3. Case 2. a, Ureterogram demonstrating dilated left lower 
ureter proximal to obstruction by endometriosis. b, Retrograde pye- 
logram made immediately postoperatively following local excision of 
endometrial implant. Castration accomplished by irradiation. Kidney 
not improved. 


Also in support of this theory is the common 
incidence of peritoneal endometriosis over- 
lying the stricture site of the ureter (seen in 
5 cases). It should be reiterated here that 
endometriosis obstructing a ureter is al- 
most always, if not always, a manifestation 
of generalized endometriosis in the pelvis. 
Even Randall’s original case of “primary” 
ureteral endometriosis, later proved to have 
pelvic involvement. 
TREATMENT 

The treatment of endometriosis anywhere 
can be summarized in two categories: (1) 
local excision of the endometrial transplant; 
(2) castration by surgical, x-ray, or hor- 
monal means. The first method of treatment is 
usually reserved for the young patient with 
a small lesion in the hope of retaining fertil- 
ity. The second method certainly seems the 
treatment of choice in patients with ureteral 
involvement, especially when there is a 
chance of salvaging the kidney. It would 
seem that surgical castration is the most 
complete and positive method. However, 
Navratil used x-ray castration plus testost- 
erone in his case with an excellent result. 





RESULTS 

Two of our 3 patients are today asympto- 
matic and display normal pyelograms. They 
were both surgically castrated. The other 
patient still has renal pain and nonvisualiza- 
tion of the kidney on that side by intraven- 
ous pyelography. She was castrated by irra- 
diation. It seems unfair to place the blame 
for this poor result on the method of treat- 
ment, as the reasonable assumption for 
failure lies in the irreversible changes pres- 
ent in the ureter and kidney at the time 
treatment was instituted. 

The fate of the involved kidney constitutes 
a very interesting study. In the 2 cases of 
intraureteral invasion, nephroureterectomy 
was performed as the lesion was thought to 
be a ureteral cancer. In both of Goodall’s 
cases and in the 2 cases of ureterovesical en- 
dometriosis with obstruction eventually the 
kidneys were lost—either by atrophy or by 
nephrectomy. In 3 cases the involved kid- 
neys returned to normal pyelographically 
after castration. 

All 3 of the cases we are presenting have 
had the advantage of a 5 year postoperative 
follow-up. 
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Fic. 4. 


ic. 4. Case 3. Intravenous pyelogram showing non- 
ualization of left kidney due to ureteral obstruction by 
dometriosis. 

ric. 5. Case 3. Left retrograde pyelogram on same pa- 


\SE REPORTS 
Case 1. M. D. This 45 year old white woman gave 
. 8 year history of menorrhagia and severe dysmen- 
rhea. Because of the dysmenorrhea a laparotomy 
as performed in 1944 demonstrating a chocolate cyst 
{ the left ovary with generalized pelvic endometriosis. 
\ left oophorectomy was performed. Castration was 
1ot carried out at that time because of the patient’s 
clatively young age (34 years). 

She returned to the hospital in 1949 with severe 
dysuria, frequency of urination, and dysmenorrhea. 
Intravenous pyelograms revealed a right hydroneph- 
vosis and hydroureter (Fig. 1a). Retrograde pyelog- 
raphy localized the obstruction at the broad ligament 
level (Fig. 1b). The bladder was normal. The urine 
was negative. 

Another laparotomy was carried out on January 7, 
1949, again revealing generalized pelvic endometri- 
osis. The right tube and ovary were adherent to the 
sigmoid colon and the uterus was firmly bound down 
posteriorly. A right oophorectomy and hysterectomy 
were carried out. No attempt was made to free the in- 
volved right ureter. Pathologic examination verified 
the surgeon’s impression of endometriosis. 

Five year follow-up on this patient shows her to be 
symptom-free and her pyelograms are normal (Fig. 2). 

Case 2. V.S. This 40 year old colored female had a 
left ovarian cyst removed elsewhere in 1940. The 
reason for the surgery was unknown to the patient. In 
1949 she was admitted to Beyer Hospital with severe 
recurrent left flank and back pain associated with her 
menses. The examining gynecologist described ‘“‘a 
rather tender mass the size of a walnut high in the left 
fornix.” 





Fic. 5. 


Fic. 6. 

tient which demonstrates lower ureteral obstruction. 
Fic. 6. Case 3. Same patient 5 years after surgical 

castration. Pyelograms reveal complete recovery of kid- 

ney. 


The urine was infected, but no red blood cells were 
present in the urine. Intravenous pyelograms showed 
a normal right kidney, but nonvisualization on the 
left. An attempt at catheterizing the left ureter was 
unsuccessful because of an obstruction at 5 centi- 
meters (Fig. 3a). The bladder was cystoscopically 
normal. 

On February 16, 1949 the left ureter was explored 
and a black cystic mass approximately 2 centimeters 
in diameter was found encroaching on the left ureter 
as it crossed the bony pelvic brim. The mass was lo- 
cally excised, the ureter freed, and a catheter passed 
up the ureter with relative ease (Fig. 3b). Pyelograms 
made immediately following surgery substantiated the 
impression of left hydronephrosis and hydroureter. 

The pathologist reported the excised tissue demon- 
strated endometriosis. The patient underwent x-ray 
castration postoperatively at the surgeon’s request. 

Follow-up pyelograms on this patient 5 years later 
still show persistent left hydronephrosis. She still com- 
plains of left flank pain, but of less frequency and 
severity than preoperatively. A left nephroureterec- 
tomy has been advised, but the patient refuses further 
surgery. 

Case 3. G. G. In 1947 this 46 year old white woman 
underwent a myomectomy at another hospital. At 
that time she had ureteral dilatations for a “left 
ureteral stricture.” 

Two years later she was admitted to the hospital 
complaining of left flank pain accentuated at the time 
of menses, menorrhagia, nausea, and vomiting. Phys- 
ical examination revealed a tender and palpable left 
kidney that was larger than normal and a “uterus 
studded with myomata.” The urine was normal. 





There was nonvisualization of the left kidney by in- 
travenous pyelography (Fig. 4), Retrograde pyelo- 
grams showed a left hydronephrosis and hydroureter 
down to the broad ligament level (Fig. 5). 

With a preoperative diagnosis of uterine flibroids 
and left ureteral stricture, laparotomy was carried out 
on February 2, 1949. The right tubo-ovarian area was 
a mass of adhesions extending into the left pelvis and 
involving the left ureter, sigmoid colon, and pelvic 
peritoneum. A typical chocolate cyst was noted on the 
left ovary. Bilateral oophorectomy and hysterectomy 
were carried out. No special attempt was made to free 
the ureter. 

Follow-up 5 years later on this woman reveals that 
she is now asymptomatic. Her pyelograms are now 
normal (Fig. 6). 


CONCLUSION 


Ureteral obstruction from endometriosis 
without bladder involvement is an exceed- 
ingly rare entity. Yet, it is probably not so 
rare as suspected in that our 3 reported cases 


418 Surgery, Gynecology ¢& Obstetrics » April 1955 





were seen in two small adjacent hospitals in 
less than a 3 month period. Undoubtedly, 
many cases are overlooked. It would appear 
important to study a large series of patients 
with endometriosis by pyelography to de- 
termine any possible ureteral involvement. 
With the co-operation of the gynecologists 
we are at present undertaking this study. 
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GENITAL LESIONS OF VASCULAR ORIGIN 


WILLIAM A. MORNINGSTAR, M.D., Cleveland, Ohio 


;ENITAL MANIFESTATIONS of systemic and lo- 
al vascular disease are of relative statistical 
nsignificance. ‘These lesions, however, con- 
‘itute fascinating clinical and pathologic 
study material and, individually, may be 
roblems of paramount importance. It is the 
surpose of this clinical study to describe rep- 
esentative genital lesions associated with 
ach of several types of vascular disease. 
lhese have been divided into those major 
arterial lesions whose disease has resulted in 
genital changes and those in which the ab- 
normality is observed in the vessel supplying 
a specific genital organ. Buerger’s disease, 
arteriosclerosis, embolic disease with major 
arterial occlusion, polyarteritis nodosa, and 
leprosy are included. In addition, the role of 
prostatic and pampiniform plexus thrombo- 
sis in the etiology of pulmonary embolism is 
discussed. Urethral tumors of vascular origin 
are discussed with a rare representative case. 
Whereas it cannot be stated unequivo- 
cally that the vascular disease per se is the 
sole etiologic factor, the burden of proof 
would be to prove a more tenable etiologic 
factor. In many lesions to be described the 
vascular component is the paramount path- 
ologic finding and is beyond question the re- 
sponsible factor for the end process noted. 


PATHOLOGY AND PATHOGENESIS 


An arbitrary division into those with ma- 
jor arterial disease and subsequent remote 
genital effects and those with direct involve- 
ment of genital vasculature has been made. 


Major Vascular Involvement with Indirect Effects 
on the Genitalia 

Acute. Thromboangiitis obliterans.—Buer- 
ger’s disease may involve cerebral, coron- 
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ary, renal, mesenteric, and other intra-ab- 
dominal arteries. Gangrene of the extremi- 
ties is relatively common. Genital complica- 
tions, however, are rare, and gangrene of 
the penis as a complication of Buerger’s dis- 
ease was not found to have been previously 
reported. 


Case Report. A 46 year old white male was ad- 
mitted to this hospital for the last time on August 30, 
1953, with bilateral midthigh amputations compli- 
cated by gangrene of each stump. On previous admis- 
sions progressive amputations were performed and a 
diagnosis of thromboangiitis obliterans was made fol- 
lowing the last amputation. 

Examination revealed bilateral stump gangrene 
with absent femoral pulsations. The penis was en- 
larged and cyanotic with beginning preputial necrosis. 
Early necrotic changes were observed in the scrotum 
and contiguous thigh areas. 

Because of rapidly progressive penile gangrene with 
sepsis, suprapubic cystotomy followed by penile and 
scrotal amputation was performed. Almost the entire 
penis was gangrenous and the urethra was exposed for 
5 centimeters (Figs. 1a and 1b). The septic course, 
however, was unrelenting and the patient expired 15 
days postoperatively. Autopsy was refused. 


Sections of the amputated penis revealed 
marked thrombosis of the corpora cavernosa 
with extensive gangrene. Vessels, however, 
were not diagnostic of Buerger’s disease. For 
the latter reason as well as because of the hip 
level gangrene, this case has been classified 
under remote rather than direct effect of 
vascular disease. As will be shown in a sec- 
ond and very similar patient with a clinical 
diagnosis of Buerger’s disease and penile 
gangrene, in whom autopsy revealed exten- 
sive aortic thrombosis, there is the distinct 
possibility that the genital change in this 
first subject is also secondary to aortic ob- 
struction as depicted in the following de- 
scription of the second patient. 

Thrombotic occlusion of distal abdominal 
aorta. 
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Fic. 1. Pathologic changes associated with thrombo- 
angiitis obliterans. a, Extensive gangrene of both amputa- 
tion stumps and penis in thromboangiitis obliterans. b, 
Resected gangrenous penis in same patient with appli- 
cator indicating the exposed necrotic and sloughed 
urethra. 


Case Report. A 58 year old white male was ad- 
mitted to this hospital on May 17, 1954 with an open 
amputation wound of the left thigh. A left midthigh 
amputation and lumbar sympathectomy had been 
done elsewhere 1 month previously. A gas gangrene 
stump infection necessitated high reamputation 2 
weeks later. 

A note with reference to the amputated extremity 
was as follows: ““The lesions resemble those of throm- 
boangiitis obliterans (Buerger’s disease) in a mild de- 
gree. No lesions progressing to old thrombosis are 
noted in the sections studied.”’ (Dr. Edward L. Burns). 

Examination on admission revealed an acutely ill 
and semicomatose white male with a blood pressure of 
120/70, temperature of 101, pulse of 120. The left 
amputation stump was open but fairly clean. A pulse 
was not palpable in the right lower extremity. Ex- 
ternal genitalia were normal at time of admission. 

A diagnosis of diabetes mellitus was made and 
treatment was instituted. On June 14, 1954, left 
stump revision was performed. Sixteen days later the 
penis became gangrenous and the urethra sloughed 
(Fig. 2a). Within 9 days, progressive gangrene of the 
penis, right lower extremity, thighs, and buttocks was 
noted and the patient died on July 9, 1954. 
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At autopsy marked coronary arteriosclerosis was 
noted with organized thrombotic occlusions of the cir- 
cumflex and right coronary arteries, old myocardial 
infarcts, small and medium-sized emboli in the pul- 
monary arteries, and marked sclerosis of the aorta and 


iliac arteries with calcification, ulceration, and 
thrombotic occlusion of the abdominal aorta distal to 
the renal arteries (Fig. 2b) and of the left iliac artery 
There was also ischemic necrosis of the penis with a 
urethrocutaneous fistula. Microscopic examination 
depicted marked arteriosclerosis with thrombosis of 
the corpora. 


As stated, autopsy in this instance revealed 
the etiology of the penile gangrene to be sec- 
ondary to arteriosclerosis, despite the fact 
that, clinically, as in the first patient, a diag- 
nosis of Buerger’s disease had been made. 
Perhaps the first case should also have been 
categorized under aortic obstruction. With- 
out confirmatory autopsy findings, we felt 
obliged to classify the penile gangrene in the 
first patient as being associated with Buer- 
ger’s disease but secondary to indirect effects 
of major vascular involvement. 

Chronic. Arteriosclerosis has been de- 
scribed as one of the many factors responsi- 
ble for testis atrophy. Figure 3a illustrates 
the degree of testis atrophy and interstitial 
cell hyperplasia seen in a subject with severe 
arteriosclerosis, calcification, ulceration, and 
mural thrombosis of the common iliac ar- 
teries. No other cause for the testis atrophy 
could be elicited. 


Direct Involvement of the Genital Vasculature 


Acute lesions. Spermatic and prostatic ar- 
terial infarction.—In any given subject with 
arteriosclerotic, hypertensive, or rheumatic 
heart disease with fibrillation, a sudden on- 
set of flank pain with hematuria is almost 
diagnostic of renal artery infarction. The di- 
agnosis becomes a certainty when pyelog- 
raphy and function studies reveal dimin- 
ished or absent function in a kidney whose 
size is obviously decreased. 

What is not generally appreciated, how- 
ever, is that similar embolic processes may 
result in sudden scrotal pain. In certain in- 
stances it may be difficult to distinguish such 
lesions from acute inflammatory disease or 
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Fic. 2. Acute pathologic changes secondary to arterio- 
sclerosis. a, Extensive gangrene of penis with urethral 
necrosis in a patient with thrombotic occlusion of the ab- 
dominal aorta. b, Aorta of same patient showing marked 
arteriosclerosis with calcification, ulceration, and throm- 
botic occlusion of the distal abdominal aorta and left 





iliac artery. 


iorsion. At any rate the possibility should be 
considered. 

Figure 4a reveals typical thrombosis and 
infarction in an epididymis in a patient with 
subacute bacterial endocarditis and fibrilla- 
tion with renal artery thrombosis and my- 
cotic aneurysm. 

Prostatic artery thrombosis may also oc- 
cur although the clinical manifestations are 
not generally known. Perhaps vague peri- 
neal and low back pain of sudden onset is of 
such etiology in isolated instances. Figure 4b 
illustrates the degree of prostatic and sem- 
inal vesicular infarction and thrombosis ob- 
served in a patient with rheumatic heart dis- 
ease and auricular fibrillation. 

Chronic. Polyarteritis nodosa.—Polyarte- 
ritis nodosa may involve any artery. Clinical 
manifestations obviously depend upon the 
particular vessel and organ involved. Sper- 
matic vessels are not uncommonly the site 
of typical lesions. Generally the areas are 
microscopic and there may be no presenting 
clinical symptoms. Figures 5a and 5b repre- 
sent typical old testis and recent epididymal 
lesions in 2 cases of polyarteritis nodosa. 

Occasionally the disease may become clin- 
ically manifest because of genital involve- 
ment as one of the initial complaints. The 
following case was observed in which a 
tumor of the scrotal contents was the pre- 
senting symptom. 


CasE Report. A 26 year old white male was ad- 
mitted with pain and tenderness in the left testis of 10 
days’ duration. There were no other complaints. 





Examination revealed a 2 centimeter tumor nodule 
above the head of the left epididymis. A preoperative 
diagnosis of adenomatoid tumor was made and the 
lesion was resected. Sections were typical of polyarte- 
ritis nodosa (Fig. 5c). 

The patient was readmitted 8 months later with a 
painful superficial left supraclavicular mass, which, 
upon removal, revealed similar vascular changes. 

Prostatic artery involvement is relatively 
rare. Nothing is known of the clinical mani- 
festations, if any exist. Again, perhaps they 
are responsible for vague pains heretofore 
dismissed because of lack of objective find- 
ings. Figure 5d reveals prostatic arteries sim- 
ilar to those observed in the kidney, testis, 
and epididymis with peripheral cellular in- 
filtration, thickened walls, and stenosed 
lumina. 

Leprosy.—Testicular lesions associated 
with leprosy have been described by Grab- 
stald and Swan. It appears that following a 
stage of true orchitis there is next observed a 
‘vascular phase” in which testicular vessels 
are infiltrated by inflammatory cells and the 
vessel wall is thickened at the expense of the 
lumen which is markedly narrowed (Fig. 6). 
Interstitial cell clumping with terminal com- 
plete fibrosis follow. In many testes, lepro- 
mas project into vascular lumina. Lepra 
cells and acid-fast bacilli are noted in the 
vessel walls. 

Arteriosclerosis.— Direct involvement of 
genital arteries and arterioles by arterio- 
sclerosis is not uncommon. Clinically these 
lesions are of relative insignificance but it is 
conceivable that, depending upon the de- 


gree of infarction and necrosis, symptoms 
may be present. ‘These testes are not usually 
removed in every elderly arteriosclerotic pa- 
tient with mild scrotal pain. Even were the 
degree of infarction such as to be diagnosed 
easily, conservative therapy would be tried 
for varying periods of time. Figure 3b re- 
veals an area of necrotizing arteriolitis with 
infarction of the testis in an elderly patient 
with severe arteriosclerotic disease. Figure 
3c depicts lesser arterial and arteriolar scler- 
osis of the vessels about the seminal vesicles. 


Prostatic and Pampiniform Plexus Thrombosis in 
the Pathogenesis of Embolic Disease 


In 1947 Moran reviewed 635 consecutive 
autopsies and reported pulmonary embolism 
in 147, an incidence of 23.1 per cent. Of the 
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Fic. 3. Chronic changes associated with arteriosclerosis. 
a, Section of testis showing marked atrophy and fibrosis 
of the seminiferous tubules, hyperplasia of the interstitial 
cells, and moderate sclerosis of the vessels. The artery in 
the upper left-hand corner is cut eccentrically and does 
not represent an old occlusion. X55. b, Section of testis 
showing a small artery with a necrotic wall, marked in- 
terstitial edema and hemorrhage, and necrosis of semi- 
niferous tubules. X75. c, Section of seminal vesicle show- 
ing marked thickening and fibrosis of the intima and 
hyalinized fibrous connective tissue replacement of much 
of the media of a medium sized artery. There is fibrinoid 
degeneration and neutrophilic infiltration of connective 
tissue. X75. 


147 subjects with pulmonary embolism, 44 
(29.9 per cent) had prostatic thrombosis. An 
additional 8 (5.4 per cent) had prostatic and 
other sites of thrombosis. In 1, spermatic 
vein thrombosis was considered to be the 
source of pulmonary emboli. 

Whereas these figures are undoubtedly 
higher than those generally accepted, they 
serve to emphasize the importance of pros- 
tatic thrombosis as a clinical problem of 
note. 

We have observed 5 patients with pros- 
tatic thrombosis and 1 with spermatic cord 
thrombosis in which death from pulmonary 
embolism was considered. to be attributable 
to these sites of origin. In 2 instances, throm- 
bi were traced from the prostatic and peri- 
prostatic veins into the iliac vessels in one 
and into the inferior vena cava in the other. 

One case is worthy of detailed description. 


Case Report. A 49 year old white male was ad- 
mitted with a history of right chest pain, fever, and 
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Fic. 4. Pathologic changes secondary to embolic dis- 
ise with infarction. a, Section of epididymis with a ne- 
otic small artery within a focus of necrosis, young gran- 
lation tissue and leucocytic infiltration, representing a 
ptic infarct. X55. b, Section of seminal vesicle to show 


emoptysis. Dyspnea was progressive. There were no 
mptoms referable to the genitalia. 

Examination revealed an acutely ill patient in res- 

iratory distress. Cyanosis of the lips and fingernail 
-ds was noted. There was splinting of the right hemi- 
horax with accompanying dullness to percussion, de- 
veased tactile fremitus and rales. Blood pressure was 
10/95. Genitalia were normal at time of admission. 

The white blood count was 21,500, blood urea 
itrogen 39. Urine contained numerous white blood 
ells. Chest film revealed linear and confluent density 
n the right lower lobe. 

Despite absence of signs of peripheral phlebothrom- 
losis, it was thought that the patient had a pulmonary 
infarct. Conservative management utilizing dicuma- 

ol, heparin, penicillin, and supportive therapy was 
instituted. 

Four days after admission the entire penis became 
markedly edematous, indurated, and was of a bluish- 
black discoloration over the entire shaft (Fig. 7a). 
Chere was also noted for the first time right calf swell- 
ing and tenderness. An equivocal right Homans’ sign 
was described. Because of progressive edema and dysp- 
nea, the patient was digitalized. Despite supportive 
therapy, he died 10 days after admission. 

Pertinent autopsy findings included the following: 
moderate cardiac dilatation and hypertrophy; mural 
thrombosis of the descending aorta and distal portion 
of the inferior vena cava; recent and organizing em- 
boli in the pulmonary arteries; a recent infarct of the 
left lower lobe; an old infarct of the right lower lobe 
with extensive necrosis; bronchopneumonia and 
pleural effusion. 

Multiple infarcts of both halves of a horseshoe kid- 
ney were noted. The entire corpus spongiosum and 


a small artery in which the lumen is obliterated by 
cellular fibrous connective tissue and two endothelialized 
recanalized spaces. The tortuous internal elastic lamella 
and the relatively intact media is clearly demonstrated. 
X55. 


the corpora cavernosa were filled with reddish-purple 
blood and were almost completely thrombosed (Fig. 
7b). There was old and recent massive thrombosis of 
the periprostatic venous plexus. Many vessels meas- 
ured up to 0.4 centimeter in diameter (Fig. 8a). 

It was felt that in view of the extensiveness of the 
prostatic thrombosis, this was the likely source of the 
pulmonary emboli, despite clinical evidence of throm- 
bosis of leg veins. 


A somewhat similar case in which peri- 
prostatic thrombosis was associated with 
pulmonary infarction is illustrated in Figure 
8b. There is also observed 1 instance in 
which extensive spermatic cord (Fig. 8c) 
and periprostatic thrombosis were associated 
with pulmonary embolic disease. Clinically, 
in the latter instance severe spermatic cord 
pain was described on admission. 


Genital Tumors of Vascular Origin 


When the relatively common angioma- 
tous urethral caruncle is excluded, angiomas 
and other vascular tumors of the urethra are 
extremely rare. The following case recently 
observed represents the first of its type re- 
corded. 


Case Report. A 54 year old white male was ad- 
mitted on November 26, 1953, with urethral pain and 
bleeding. A 1 centimeter tumor nodule was easily 
palpable in the penile urethra 5 centimeters from the 
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Fic. 5. Pathologic changes secondary to polyarteritis 
nodosa. a, Section of testis toshow a portion of one of many 
arteries that were located within and beneath the tunica 
albuginea. There is obliteration of the lumen by cellular 
fibrous connective tissue and hemosiderin laden mac- 
rophages and an increase of cellular fibrous connective 
tissue in the adventitia. Large portions of the intervening 
media are replaced by hyalinized connective tissue. This 
is the healed lesion of polyarteritis nodosa. X55. b, Sec- 
tion taken through an epididymis shows two cross sec- 
tions of an artery. The lumen is stenosed and the endo- 
thelium is intact. There is an irregular color of fibrinoid 


fossa navicularis. Urethrograms revealed the presence 
of a filling defect at this site. The tumor was resected 
transurethrally on December 1, 1953, and a diagnosis 
of benign capillary hemangioma was made. Within 
2 months a definite similar-sized recurrence was noted 
in the same portion of the urethra on the opposite 
wall and again was resected on February 5, 1954. A 
more pleomorphic type tumor was noted and a diag- 
nosis of hemangioblastoma (hemangio-endotheliosar- 
coma) was made. Within 2 weeks an isolated metas- 
tasis to the left ischium was noted and proved upon 


material within the half of the media and intima. The 
outer portion of media is edematous and the perivascular 
alveolar tissue is heavily infiltrated by eosinophils, neu- 
trophils, lymphocytes, and plasma cells. X55. c, Section 
of epididymis shows a mass of oblique and cross-sections 
of arteries of which one is demonstrated. The lumen, 
intima, and media are replaced by cellular fibrous con- 
nective tissue heavily infiltrated by lymphocytes, neu- 
trophils, plasma cells, and eosinophils. This leucocytic 
infiltration extends into the adventitia. 55. d, Section 
taken through posterior capsule of prostate gland shows a 
lesion of polyarteritis nodosa, as in b and c. X23. 


biopsy to be the same tumor (Fig. 9). X-ray therapy of 
the bone lesion has been instituted. There has been no 
penile recurrence to date, one year later. 
DISCUSSION 

Thromboangiitis obliterans. Of 500 cases of 
Buerger’s disease reviewed by Hausner there 
were no instances of spermatic cord involve- 
ment. There have been no recorded cases 
other than those of Hillenbrand and ours 
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iG. 6. Lymphocytic infiltration of artery immediately 
acent to the tunica albuginea. There is widening of 
arteriolar wall and perivascular lymphocytic infiltra- 
1, the vascular phase of active leprous orchitis. X42. 


‘ich are even suggestive of penile artery 

volvement. Buerger reported 1 case with 

lis, epididymal, and cord enlargement. 
chiectomy revealed thrombosis of the 

d veins and sections showed acute lesions 

many veins. Whereas Buerger believed 

‘se lesions to be diagnostic, Perla stated 

‘se so-called acute lesions were in veins 

d not arteries, the most typical site. Ex- 

at of testicular destruction after involve- 
iuent in Buerger’s disease varies. The testis 
inay atrophy and necrose or may suffer no 
demonstrable changes despite extensive vas- 
cular involvement. 

Major arterial involvement with genital effects. 
Genital effects of arteriosclerosis of major 
vessels are manifest in several forms. Wylie 
and McGuiness reviewed 27 cases with no 
genital necrosis. An important feature of 
common iliac artery stenosis not generally 
considered is that of sexual impotence. Five 
ol 6 patients were impotent in the series of 
the latter group. It has been theorized that 
impotence results from a decrease in blood 
supply. On that basis, surgery, consisting of 
endarterectomy, was performed; i.e., the 
diseased intima was resected and arterial 
patency was re-established by suturing me- 
dia and adventitia. Sexual potency was re- 
ported to have been restored in 4 subjects. 

Sexual impotence has been reported in 
Leriche’s symdrome, consisting of ‘insidious 
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Fic. 7. Pathologic changes secondary to periprostatic 
thrombosis with extension of the thrombotic process into 
vena cava. a, Gangrene of penis secondary to massive 
thrombosis of corpora spongiosum and cavernosa. b, 
Cross section of the penis shows all the sinusoids of the 
cavernosa to be filled with recent and organizing throm- 
bi. Septae with higher magnification show varying de- 
grees of ischemic necrosis and leucocytic infiltration. <8. 


thrombosis of the aortic bifurcation.”? Often 
it is the initial complaint. Beaconsfield and 
Kunlin have reviewed 35 cases and found 
arteriosclerosis to be the only demonstrable 
etiologic factor in 28. Other findings includ- 
ed inflammatory arteritis in 3, thromboan- 
giitis obliterans in 2, syphilis and trauma in 
1 each. Impotence was described in 6 of 35 


cases. 

Rarer genital complications of arterio- 
sclerosis comprise an interesting part of these 
vascular lesions. Morson was one of the first 
to emphasize urethral bleeding in arterio- 
sclerotic cardiovascular disease. In his case, 
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in a 36 year old patient with hemorrhage 
during coitus, death from uremia occurred 
within 2 years. 

Prostatic venous thrombosis, spermatic artery, 
and pampiniform plexus thrombosis. The role of 
prostatic venous thrombosis in the etiology 
of pulmonary embolism has not been em- 
phasized. Leg vein phlebothrombosis is a 
relatively easy clinical diagnosis. Prostatic 
thrombosis, however, presents no character- 
istic clinical picture. Were a diagnosis of 
prostatic venous thrombosis entertained in 
a patient with embolic disease and absent leg 
signs, an anticoagulant regime or even iliac 
or caval ligation should be considered. 

In Moran’s series prostatic thrombosis 
was noted in 29.9 per cent of all patients 
with pulmonary emboli. Congestive heart 
failure was apparently the most common 
etiologic factor predisposing to prostatic 
thrombosis. 





Fic. 8. Seminal vesicular, periprostatic, and spermatic 
cord venous thrombosis. a, Section shows large recent 
thrombi in veins adjacent to the seminal vesicle. <8. b, 
Section shows large recent thrombi in periprostatic ve- 
nous plexus. <8. c, Section of spermatic cord shows recent 
and organizing thrombi in veins of the pampiniform 
plexus. X8. 


Hyman and Leiter emphasized the sig- 
nificance of thrombophlebitis of the peri- 
prostatic plexus in describing 8 fatal cases. 
The septic nature of the disease with associ- 
ated distant suppurative foci was noted. 
They recommend early incision and drain- 
age of prostatic and periprostatic abscesses 
in order to prevent phlebitis. 

Spermatic cord thrombosis has similarly 
been neglected as a possible source of pul- 
monary emboli. There is scanty reference to 
the problems associated with vascular ab- 
normalities of the scrotum and its contents 
other than such lesions as torsion of the cord. 
In Moran’s series spermatic vein thrombosis 
led to pulmonary embolism in 1 instance. 

Spontaneous thrombosis of the pampini- 
form plexus has been described by McGavin 
in 2 patients. In both instances a diagnosis 
of tuberculous epididymitis was. made pre- 
operatively. Testis thrombosis in newborn 
infants may be secondary to trauma of de- 
livery or to torsion, thrombosis, or other 
vascular lesions. 

Spermatic artery and vein thrombosis 
secondary to a common iliac artery aneu- 
rysm has been described by Shank. 

Penile gangrene. In 1668 R. de Graaf 
produced penile erection in a cadaver by 














injecting the dorsal artery of the penis. He 

conjectured that erection resulted from sta- 
is in the corpora. Prolonged priapism has 
ong been known to produce penile gan- 
rene. Hinman has attributed thrombosis of 
he corpora to various causes including 
.ckle-cell disease, trauma, vascular disease, 
nd leucemia. We have observed a 48 year 
iale with chronic myelogenous leucemia 
-hose priapism progressed to penile gan- 
rene requiring amputation. 

Among the other causes of penile gan- 
rene, Eddleman lists iliac thrombosis, ather- 
mas or thrombosis of the dorsal artery, and 
iabetes mellitus. Attwater includes throm- 
osis of penile varicosities with subsequent 
iflammatory changes as one factor in the 
ithogenesis of gangrene of the penis. Mus- 
hat has described a case with tumor 
odules on the dorsum of the penis in which 
he entire dorsal vein was thrombosed and 
as resected. Kimbrough and Morse have 
escribed thrombosis of a dorsal penile vein 
-ith recanalization. 

Miscellaneous genital lesions of probable vas- 
Jar origin. Diabetes mellitus. —Of the 
any plausible factors responsible for gan- 
renous changes in diabetes mellitus cer- 
inly vascular disease is one of note. Several 

enital lesions have been described in dia- 
tes although the vascular role in their 
pathogenesis is not known. ‘Testis atrophy 
appears to be more common in diabetics. If 
so, is it secondary to atherosclerosis so often 
associated with diabetes? Calcification of the 
vas deferens has been reported in 60 pa- 
tients by Wilson and Marks. Fifty-six of the 
subjects were diabetics whose average dura- 
tion of disease prior to onset of calcification 
was 18.3 years. It is perhaps of some statis- 
tical significance that the incidence of arteri- 
osclerosis increases with duration of diabetes 
and, of course, with age. 

Marble believes Dupuytren’s contracture 
is more common among elderly diabetics. 
The association of Peyronie’s disease with 
Dupuytren’s contracture is known although 
there is no data available regarding the in- 
cidence of Peyronie’s disease in diabetes 
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Fic. 9. Urethral tumor of vascular origin (hemangio- 
endotheliosarcoma). The section demonstrates irregular 
cells lining the capillary-like spaces and invading the 
fibrous trabeculae and septa. X 268. 


mellitus. Chetwood in 1899 attributed a case 
of Peyronie’s disease to diabetes. 

Levinson describes diabetes mellitus as 
one of four etiologic factors in the patho- 
genesis of scrotal gangrene. Gangrene of the 
glans and urethra in an elderly diabetic has 
been described by Townsend and Flagg, 
who state ‘‘well vascularized tissues best re- 
sist gangrene.” 

Our second patient with penile gangrene 
(Fig. 2) had diabetes mellitus. 

Leprosy.—A vascular phase of leprous or- 
chitis has been described by the author and 
Swan. It is postulated that perhaps these 
patients with leprous orchitis, testis atrophy, 
gynecomastia, and elevated gonadotropins 
represent an atypical form of Klinefelter’s 
syndrome. 

Urethral tumors of vascular origin.— 
When one excludes the vascular urethral 
caruncle in females, true vascular urethral 
tumors are extremely rare. Scholl and 
Braasch believe they are more common in 
men. Rokitansky believes that these are 
hypertrophic vascular segments rather than 
true tumors. Cases of benign urethral angi- 
omas successfully treated by fulguration 
have been reported by Forgue and Jean- 
breau and by Seifert. Our case of malignant 
urethral tumor of vascular origin appears to 
be the first reported. 
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SUMMARY AND CONCLUSIONS 


Diseases of the male genitalia which are 
either solely of vascular origin or are in large 
part secondary to vascular changes are dis- 
cussed. These genital lesions are relatively 
rare but on occasion constitute individual 
problems of paramount importance. 

They have been categorized into those re- 
sulting from major vascular involvement 
with secondary effects and those of direct 
involvement of the genital vasculature. 
Among the former are included penile gan- 
grene and urethral necrosis in subjects with 
Buerger’s disease and aortic thrombosis. 
Penile gangrene in thromboangiitis obli- 
terans is unusual, with only 1 similar case 
recorded. Testis changes in arteriosclerosis 
are briefly described. 

Direct involvement of the genital vessels 
by infarction secondary to embolic phenom- 
ena are noted. Epididymal, testis, and pros- 
tatic infarction in patients with subacute 
bacterial endocarditis and rheumatic heart 
disease are described, and it is suggested 
that it may be possible to recognize these 
lesions clinically given a patient with fibril- 
lation and sudden or otherwise unexplained 
scrotal or perineal pain. 

Polyarteritis nodosa may become mani- 
fest clinically by its genital involvement. 
Such a case is described in one subject who 
entered with a tumor of the epididymis 
which proved to be of polyarteric origin. 
Cases of testis, epididymal, and prostatic 
artery involvement in polyarteritis nodosa 
are described. 

Direct testis and seminal vesicular vascu- 
lar changes secondary to arteriosclerosis 
with necrotizing arteriolitis are mentioned 
and representative cases are described. 

The role of periprostatic venous and pam- 
piniform plexus thrombosis in the etiology 
of pulmonary embolic disease is re-evaluat- 
ed and cases are presented. Gangrene of the 
penis in 1 such subject is described. 

Genital tumors of vascular origin are ex- 
tremely rare. The first reported case of 
hemangio-endotheliosarcoma of the penile 
urethra is described. 


April 1955 


Genital lesions with vascular components, 
including leprosy and diabetes mellitus, are 
discussed. 
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SRONCHOGENIC CARCINOMA: CELL TYPE AND 


YTHER FACTORS RELATING TO PROGNOSIS 


JHN W. KIRKLIN, M.D., F.A.C.S., JOHN R. McDONALD, M.D., 
THERON CLAGETT, M.D., F.A.C.S., HERMAN J. MOERSCH, M.D., and 


IBERT P. GAGE, M.S., Rochester, Minnesota 


‘OGRESS in the management of patients 
th cancer of the lung demands accurate 
spraisal of all factors affecting prognosis 
id treatment. We have believed for a long 
ne that cases of bronchogenic carcinoma 
n be grouped according to the histologic 
spearance of the tumor. This study of cases 
carcinoma of the lung was conducted in 
| effort to learn more about the relation of 
¢ cell type to prognosis and treatment and 
obtain information about the relationship 
certain other factors to prognosis. 
Inasmuch as resection of the lung is of 
latively recent attainment, the survival 
ites following pneumonectomy and lobec- 
nny for carcinoma of the lung have been 
ported in the literature only in the past 
low years. A series showing survival rates 
or 5 years of 20 and 25 per cent in patients 
‘caving the hospital following pneumonec- 
tomy and lobectomy respectively for car- 
cinoma of the lung was reported by Church- 
ill, Sweet, Soutter, and Scannell in 1950. 
Ariel, Avery, Kanter, Head, and Langston 
in 1950 showed a survival rate of approxi- 
nately 15 per cent following pneumonec- 
tomy and 12 per cent following lobectomy 
in carcinoma of the lung. In another series 
reported by Bloomer and Lindskog in 1951 
the survival rate for those patients surviving 
resection was 35.5 per cent, in the period of 
follow-up; this was not a 5 year rate. Ochs- 
ner, DeCamp, DeBakey, and Ray in 1952 
were able to show a 5 year survival rate of 
38 per cent in patients leaving the hospital 
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after a “‘curative’’ resection was done. Gib- 
bon, Allbritten, Templeton, and Nealon in 
1953 reported a 5 year survival rate of 22 
per cent in a similar group. These authors 
explored the lungs of 70 per cent of their pa- 
tients with cancer of the lung, and resected 
the lung in 39 per cent of the total group, a 
higher rate of resection than that shown by 
other authors. McDonald, McBurney, Car- 
lisle, and Patton in 1951 studied cell type 
and came to the conclusion that the best 
over-all results were obtained in patients 
with squamous cell carcinoma of the bron- 
chus. They classified their cases on a histo- 
logic basis into squamous cell carcinoma, 
large cell undifferentiated carcinoma, ade- 
nocarcinoma, and small cell carcinoma. 
They calculated the 2 year survival rate of 
the entire group to be 45 per cent after resec- 
tion and found that the group with squam- 
ous cell carcinoma had the best results and 
the group with small cell carcinoma the 
worst. 


MATERIAL AND METHODS 


The case records of cancer of the lung of 
all patients given a diagnosis at the Mayo 
Clinic in the years 1943 through 1949 were 
reviewed. All cases in which it appeared on 
review that the lung cancer was metastatic 
were discarded, leaving 1,577 cases pre- 
sumed to be cases of primary cancer of the 
lung. Appropriate data were abstracted from 
the case record of each of these patients. 

In each case of this group, the history, 
physical findings, laboratory and roentgen- 
ologic studies, and bronchoscopic examina- 
tions warranted a diagnosis of primary can- 
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Fic. 1. Alveolar cell tumor of the lung. a, The cells 


are voluminous with mucoid producing cytoplasm and 
small innocent looking nuclei. This pattern is often re- 
ferred to as pulmonary adenomatosis. Hematoxylin and 


eosin, X 135. b, More anaplastic picture with larger nu- 
clei but still a papillary pattern. This lesion metastasized 
to the liver. This type of tumor is often referred to as 
alveolar cell carcinoma. Hematoxylin and eosin, X135. 








Fic. 2. Adenoma of bronchus. a, Carcinoid pattern 
with solid groups of cells. Hematoxylin and eosin, X 135. 


cer of the lung. In 880 cases the diagnosis of 
cancer of the lung had been verified by a 
pathologist at our institution. In 36 cases it 
was impossible to re-examine for this study 
a histologic preparation of the tumor for 
various reasons. In a small percentage of 
these 36 cases, tissue had been sent to us by 
other pathologists and returned to them. 

In 258 cases the diagnosis was proved by 
cytologic examination only; in 439 the diag- 
nosis was not verified. 

In the remaining 844 cases, we restudied 
the tissue histologically and classified the 
lesion as primary cancer of the lung. The 





b, Cylindroma type with irregular round cavities filled 
with mucoid secretion. Hematoxylin and eosin, X 135. 


material which was studied histologically 
was obtained on bronchoscopic examina- 
tion, at the time of thoracotomy, from 
distant metastatic foci, such as cervical 
lymph nodes, when the lesion was inoper- 
able, or from the surgically resected lesion. 
The existing sections or new sections of the 
material were examined histologically. It is 
obvious that the histologic appearance of 
many tumors varies in various fields. ‘This is 
certainly true of bronchogenic carcinoma. 
However, in this study extensive sampling 
was not done. It could have been done only 
in those cases in which the entire tumor was 
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ic. 3. Bronchogenic carcinoma, squamous cell type. 
{sland of squamous epithelial cells exhibiting keratini- 
ion of the cytoplasm in the central portion of the 
mp. Hematoxylin and eosin, X 255. b, Squamous cell 


ailable for study. It was obviously impos- 
le when only small specimens such as 
:ose obtained bronchoscopically were avail- 
ile. Therefore, it was decided that the his- 
logic appearance should be classified on 
ie or two samples of the tumor. On the 
isis of criteria to be enumerated, alveolar 
|| tumors and adenomas of the bronchus 
ere split off from the primary group of 
ronchogenic carcinoma. The latter was 
hen divided into groups, according to the 
lassification previously reported by us. 
Follow-up letters were sent to each of the 
\,577 patients, unless the patient had been 
re-examined at the Mayo Clinic within 6 
months. The date of inquiry was January 1, 
953. Statistical data relative to operability, 
resectability, and hospital mortality in each 
of the groups and in the over-all group were 
obtained by standard methods. Survival 
rates were calculated by the actuarial meth- 
od as described by Berkson and Gage. The 
actuarial method is the method of choice, 
especially when the number of cases in- 
volved in the calculation of the survival 
rates is small. In the present analysis many 
of the subgroups are small, and although 
the survival rates have been determined as 
accurately as possible, the rate is not very 
stable; that is, the standard error of the rate 


carcinoma exhibiting beginning necrosis of the central 
portion of the keratinized clump of cells. This phenom- 
enon frequently leads to cavity formation in the car- 
cinoma. Hematoxylin and eosin, X 130. 


is large. It will be noted in the figures giv- 
ing survival curves that several points ap- 
pear to be omitted in the plotting of the 
curves. This means that in some of the year- 
ly intervals no deaths occurred. As the size 
of the series increases, deaths will occur in 
each of the intervals, and the curves will be- 
come smoother and more definitive. 


HISTOPATHOLOGY 


Our classification of primary cancer of 
the lung is as follows: 
I. Bronchogenic carcinoma 
a. Squamous cell carcinoma 
b. Adenocarcinoma 
c. Small cell carcinoma 
d. Large cell carcinoma 
II. Bronchial adenoma 
III. Alveolar cell tumor 
IV. Lymphosarcoma 
V. Fibrosarcoma 
Alveolar cell tumor usually presents a rath- 
er characteristic histologic appearance. (Fig. 
la and b). In spite of controversy as to the 
origin of this lesion and its histopathologic 
variations, there can be little doubt that it 
forms a separate group. The same is true of 
adenoma of the bronchus (Fig. 2a and b), 
in spite of the fact that 10 per cent of these 
tumors metastasize, according to McBurney, 
Kirklin, and Woolner. For this reason, both 





























of these tumors are classified separately from 
primary bronchogenic carcinoma although, 
of course, they are cancers of the lung. We 
were not able to classify the lesions in 3 
cases in the series. We have classified pri- 
mary bronchogenic carcinoma into four 
types on the basis of the cell types. 

The first type of bronchogenic carcinoma 
is the squamous cell carcinoma (Fig. 3a and 
b). We have included as a squamous cell 
carcinoma only those neoplasms in which 
the carcinoma cells show evidence of epi- 
dermoidization, namely, the production of 
keratin, cornified epithelium, or prickle cells. 
It is not wise to call a bronchogenic car- 
cinoma a squamous cell carcinoma unless it 
shows evidences of these formations. In many 
classifications the squamous cell carcinomas 
are called “‘differentiated epidermoid car- 
cinomas” while ones that do not show any 


432 Surgery, Gynecology ¢ Obstetrics » April 1955 








Fic. 4. Bronchogenic carcinoma, adenocarcinoma type. 
a, Papillary type of adenocarcinoma. The formation of 
well formed glands should be noted. Hematoxylin and 
eosin, X 135. b, Mucus producing adenocarcinoma with 
signet cells. There is very little attempt at glandular for- 
mation. Hematoxylin and eosin, X135. c, Anaplastic 
type of adenocarcinoma. The clumping of the cells super- 
ficially suggests squamous cell carcinoma but there is 
production of mucus as evidenced by the vacuoles. 
Hematoxylin and eosin, 130. 


evidence are called ‘‘undifferentiated squa- 
mous carcinoma.” This latter group is called 
a “squamous cell carcinoma” on the basis 
of the grouping of the cells rather than the 
production of keratin or prickle cells. This 
does not seem scientific to us. Grossly squa- 
mous cell carcinoma usually involves the 
larger bronchi but less commonly may be 
seen in the periphery of the lung. It may 
produce a polypoid tumor projected into 
the bronchus or it may produce a cicatricial 
narrowing of the bronchus. Frequently there 
is an extensive area of involvement by in 
situ squamous cell carcinoma in the bron- 
chial mucosa adjacent to the gross tumor as 
shown by Habein, working in our labora- 
tory. This is of great significance because it 
cannot be recognized clinically and occa- 
sionally the in situ tumor may be inadvert- 
ently left in the bronchial stump. Open- 





















ic. 5. Small cell bronchogenic carcinoma. a, Small 
nd cells with very dark nuclei and absence of pattern. 
natoxylin and eosin, X135. b, A slightly larger type 
ell with definite spindling of the nuclei which has 
n rise to the term ‘‘oat cell” cancer. Hematoxylin 
| eosin, 135. c, The tumor cells in the pulmonary 
oli, a common phenomenon in small cell broncho- 
ic carcinoma. Hematoxylin and eosin, 80. 


haw has shown that cavitary carcinomas of 

(ic lung are most frequently of the squa- 
ious cell type. This cavitation is the result 
ol excavation of the cornified epithelium 
which forms in the center of the masses of 
squamous carcinoma cells. 

The second group is adenocarcinoma 
(Fig. 4a, b, and c). The lesions are car- 
cinomas which produce glands or secrete 
mucus. They should be differentiated from 
metastatic carcinomas and from alveolar cell 
carcinoma. This may be difficult. Adeno- 
carcinomas are usually circumscribed pe- 
ripheral lesions although less commonly they 
involve larger bronchi. 

A small cell bronchogenic carcinoma is a 
carcinoma in which the cells are small (about 
one and a half times the size of a lympho- 
cyte) with a deeply staining nucleus and lit- 
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tle cytoplasm (Fig. 5a, b, and c). Nucleoli 
are usually not a prominent feature of the 
nuclear pattern. Sometimes the cells with 
their nuclei are spindle-shaped; this char- 
acteristic has given rise, particularly in the 


ce 


English literature, to the name “oat cell” 
carcinoma. The cells are never arranged in 
an organoid pattern. Necrosis of the neo- 
plastic cells is common, and mitotic figures 
can be found without too much difficulty. 
The smallness of the cells and the lack of 
pattern suggest lymphosarcoma, but it is fair- 
ly evident that this tumor is an epithelial 
tumor which originates from the mucosa of 
the bronchus. Small cell bronchogenic car- 
cinoma most frequently occurs in the larger 
bronchi as a flat narrowing type of tumor 
with marked evidence of extrabronchial in- 
volvement. Oftentimes the extrabronchial 
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hy. aes era ee walitha to 
Fic. 6. Bronchogenic carcinoma, large cell type. The 


diffuse pattern of large cells with cytoplasm should be 
noted. Hematoxylin and eosin, X 130. 


involvement is so marked as to suggest a 
mediastinal tumor in the roentgenograms. 

The large cell bronchogenic carcinoma 
(Fig. 6) is a carcinoma in which the cells 
are undifferentiated; that is, they are not 
forming squamous elements nor are they 
forming glandular elements. The cells, on 
the other hand, do not have the character- 
istics of the small cell carcinoma because 
they are considerably larger and have a gen- 
erous amount of cytoplasm. It has been cus- 
tomary for pathologists to classify some of 
these carcinomas with the squamous cell 
carcinomas, particularly those in which the 
grouping is that of squamous cell carcinoma 
and to classify others with the small cell 
carcinomas and term them “‘undifferentiated 
carcinomas.” In our opinion there is an ad- 
vantage in segregating this group, hetero- 
geneous as it may be. These carcinomas 
may be either centrally or peripherally 
placed and occasionally cavitate. They do 


TABLE I.—PRIMARY CANCER OF THE LUNG, 
PROVED AND REVIEWED 


No. Per cent 
Bronchogenic carcinoma.............. 767 90.9 
Squamous cell carcinoma............ 258 eau" 
AGEROCATCINOMA....o.6 6c cect e eee 97 126° 
Small Cem CarciMoma. ....6.c ccies cies 121 15.8* 
Large cellicarcinoma.. ... «6.06600. 291 37.9" 
Adencma cof bronchus..........5....0.. 64 7.6 
Pe ge ce ec. ra 10 1.2 
ORAM Gen woh aan Casas aac cas 2 0.3 
DURA i eC ee eae aoe Mea ee 844 100.0 





*Per cent of 767 cases. 
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not have as characteristic a gross appear- 
ance as some of the other carcinomas to 
which we have referred. 

Lymphosarcoma of the lung has the fra- 
tures of lymphoma elsewhere. It is a rare 
lesion in the lung. Cases can be divided into 
those in which the lesion in the lung is 
thought to be primary and those in which it 
is secondary. Of course this distinction is not 
always possible. The usual gross appearance 
of a malignant lymphoma of the lung is that 
of a massive lesion involving much of a lobe 
or even an entire lung. Bronchial involve- 
ment does occur so that it is possible to ob- 
tain positive bronchoscopic findings or posi- 
tive cytologic evidence of the tumor. The 
lesion itself is pinkish or brown. Pleural in- 
volvement is not a prominent feature. The 
various cellular types of lymphosarcoma are 
seen, namely lymphocytic, reticulum cell,’ 
and Hodgkin’s type. 

Fibrosarcoma is rarely a primary tumor 
in the lung. The primary fibrosarcomas of 
the lung which we have seen have been mas- 
sive lesions involving bronchi. The histologic 
pattern is that of a spindle cell neoplasm 
producing collagen. This tumor is not us- 
ually confused with fibrous mesothelioma 
which is, if it is located in the lung, a pe- 
ripheral pulmonary neoplasm not associated 
with bronchi. 

The breakdown of the 844 cases of pri- 
mary cancer of the lung reviewed patholog- 
ically is given in Table I. 


OPERABILITY, RESECTABILITY, AND SURVIVAL 
RATES 


A number of patients in our group did 
not undergo thoracotomy. Apparent distant 
metastasis obviated any hope of cure for 
nearly all these patients. For a small num- 
ber, thoracotomy was not advised because 
of advanced age or extremely poor general 
condition. A few patients refused thoracot- 
omy. The resectability rate refers only to 
the cases in which all of the gross lesion was 
removed, either by pneumonectomy or lo- 
bectomy (so-called curative resection). In a 
small number of additional cases, a pallia- 












































tive resection was done, in which gross tu- 
mor was knowingly left behind. 

In 369 of the 767 cases of primary bron- 
chogenic carcinoma reviewed, thoracotomy 
was performed, giving an exploration rate 
of 48 per cent. Resection with hope of cure 
was effected in 184 cases (49.8 per cent of 
the cases in which exploration was carried 
out) or in 24.0 per cent of the 767 cases. 
The survival rate for 5 or more years in the 
group in which the definitive or curative re- 
section was employed was 37 per cent (Fig. 
7). The survival rates for the remainder of 
the groups are also portrayed in Figure 7. 

The surgical therapy employed in the 4 
groups listed according to cell type is given 
in Table II. Survival rates following cura- 
tive resections according to cell type of the 
lesion are presented in Figure 8, in which 
data are also presented for adenoma of the 
bronchus. The percentage of curative resec- 
tions and the over-all 5 year survival rates 
in terms of percentage of the total series for 
the 4 groups of bronchogenic carcinoma are 
shown in Figure 9. Certain points in these 
figures merit further discussion. 

It is readily apparent that the survival 
rate following resection for adenoma of the 
bronchus is excellent. ‘The inclusion of these 
cases, then, in a series of bronchogenic car- 
cinomas would result in a survival rate high- 
er than would be obtained for pure primary 
bronchogenic carcinomas. 

A gloomy picture results from a portrayal 
of the data for cases of small cell carcinoma 
of the lung. Actually only 1 patient, rough- 
ly 9 per cent of those surviving resection or 
1 per cent of the entire group, survived 5 
years or more. Surprisingly, this patient is 
still well 8 years after resection. 
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resection (34 coses) 


3 


only (123 coses) 


Per cent survival 


(310 cases) 





1 3 4 5s 6 7 8 3’ 10 
Years 


Fic. 7. Survival of patients with bronchogenic car- 
cinoma. Patients dying in the hospital following explora- 
tion or resection are not included. Of course, patients 
with adenoma, alveolar cell tumor, lymphosarcoma, and 
fibrosarcoma are not included. 


The prognosis for the patient with large 
cell carcinoma of the lung is somewhat bet- 
ter than that of small cell carcinoma, in that 
approximately 30 per cent of those patients 
subjected to and surviving pneumonectomy 
or lobectomy lived 5 or more years. Like- 
wise, the resectability rate is somewhat high- 
er than that for small cell carcinoma. Yet 
only 5.0 per cent of the total group of 291 
patients seen in this group survived 5 years 
after resection. 

Cases of primary adenocarcinoma of the 
lung present a distinctly more favorable sit- 
uation. Although only about half (47.5 per 
cent) of these patients underwent thoracot- 
omy, and about half of those subjected to 
thoracotomy hadcurative resections, itshould 
be noted that about 54 per cent of those 
patients surviving resection lived 5 or more 
years. It is recognized that only 97 cases 
comprise this group and when larger series 
are available the figures may differ some- 
what. However, the trends seem significant. 


TABLE II.—BRONCHOGENIC CARCINOMA 


Squamous cell 


carcinoma Adenocarcinoma 
No. Per cent No. Per cent 
ee | 88 34.1 25 25.8 
Resection for palliation 
Geneon ccawe ences. 16 6.2 5 


Unresectable at operation. . 47 18.2 16 16.5 
No thoracotomy.......... 107 41.5 51 52.5 


ROR icnnccnae cones ese. 258 100.0 97 100.0 





*The percentages give the resectability rate (resection with view to cure). 


Small cell carcinoma Large cell carcinoma Total 
No. Per cent No. Per cent No. Per cent 
14 11.6 57 19.6 184 24.0 
6 5.0 11 3.8 38 5.0 
24 19.8 60 20.6 147 19.2 
77 63.6 163 56.0 398 51.8 
121 100.0 291 100.0 767 100.0 
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of bronchus 


(7) cesses) 


cell (49 coses) 


Smoll Corcinomo (11 ceses) 


Per cent survival 


3 4 5 6 7 8 9 
Yeors after operation 


Fic. 8. Survival after definitive or curative resection 
for bronchogenic carcinoma and bronchial adenoma. 
Patients dying after resection while in the hospital are 
not included. 


Within this group of 97 cases of adeno- 
carcinoma was a small group of 11 cases of 
mucus-producing adenocarcinoma, the his- 
tologic characteristics of which are shown in 
Figure 4b and c. In our opinion, these 11 
cases are of primary bronchogenic carcinoma 
although often a lesion in the lung with this 
appearance is metastatic. The lesions of 2 of 
these patients were deemed inoperable on 
clinical grounds. Nine patients were sub- 
jected to operation but the lesions of 4 could 
not be removed. Three of these 4 were dead 
within a year and the fourth was untraced. 
Of the 5 patients who underwent resection, 
1 patient died within a year after operation 
but the remaining 4 are living 8, 6, 3 years, 
and 1 year respectively following operation. 
Interestingly, on the last 3, lobectomy had 
been performed rather than pneumonec- 
tomy. These mucus-producing adenocar- 
cinomas may carry a somewhat more favor- 
able prognosis than the ordinary adenocar- 
cinomas. 

Squamous cell carcinoma of the lung 
again has a relatively favorable outcome. 
About 42 per cent of the patients surviving 
resection were alive 5 years after operation. 
The resectability rate was significantly high- 
er than that for any other group, 34.1 per 
cent. 

The fate of patients with alveolar cell tu- 
mor of the lung has recently been presented 
by us (10). We considered some patients not 
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in the present total series of 1,577, and the 
study depicts our experience with this en- 
tity. Likewise, our experience with adenoma 
of the bronchus is detailed elsewhere (11) 
and need not be reiterated here. 

The hospital mortality rate for curative 
pulmonary resection in the proved primary 
bronchogenic carcinomas in this series was 
13.6 per cent. It should be noted that the 
mortality rate for pulmonary resection for 
bronchogenic carcinoma in the hands of 
two of us (Clagett and Kirklin) in the years 
1951, 1952, and 1953 was 6.9 per cent in a 
group of 233 cases. ‘This lower hospital mor- 
tality rate reflects improvements in anesthe- 
sia, antibiotic therapy, preoperative and 
postoperative care, and operative techniques 
in recent years. 


FACTORS AFFECTING PROGNOSIS 


Cell type. Our data indicate that the cell 
type is an important factor in prognosis in 
cases of primary bronchogenic carcinoma. 
Certainly, patients with adenocarcinoma 
and squamous cell carcinoma have a rela- 
tively good prognosis provided resection is 
possible. Furthermore, resection is possible 
in a higher percentage of cases than it is in 
cases of the large cell and small cell car- 
cinomas. The prognosis from surgical treat- 
ment of small cell carcinoma is poor since 
resection is possible in only about 1 case in 
10 and the survival rate following resection 
is exceedingly low. 

Since there is at present no other useful 
form of treatment for small cell carcinoma, 
resection must be attempted whenever fea- 
sible. The small chance for cure makes he- 
roic procedures of doubtful advisability in 
this group of cancers. However, the survival 
following resection for adenocarcinoma and 
squamous cell carcinoma encourages exten- 
sive operations for these lesions when neces- 
sary, if by them all the gross tumor can be 
removed. Similar procedures seem justified 
in cases of large cell carcinoma although the 
rewards will not be as great. 

Involvement of hilar lymph nodes. It was not 
possible in this study accurately to assay the 

















effect-of involvement of hilar lymph nodes 
on prognosis. Certain data are of interest al- 
though they do not warrant sweeping con- 
clusions. 

The only patient surviving 5 years after 
resection for small cell carcinoma did not 
have involvement of the hilar lymph nodes. 
At least 18 patients who had resections for 
large cell carcinoma of the lung had in- 
volvement of the hilar lymph nodes. It can- 
not be assumed in this group or in those to 
follow that the hilar lymph nodes of the re- 
mainder of the patients were nol involved, 
because the involvement of lymph nodes in 
the specimens was not restudied by us. Four 
of the 18 patients with large cell carcinoma 
and whose hilar nodes were involved are liv- 
ing at present, 3, 3, 4, and 6 years following 
resection. At least 8 patients who had resec- 
tions for adenocarcinoma of the lung had 
involved hilar lymph nodes and 2 are known 
to be living, one 3 years and one 4 years af- 
ter resection. At least 23 patients who had 
squamous cell carcinoma of the lung treated 
by pneumonectomy had metastasis to hilar 
nodes and 7 of these are living 3 or more 
years after resection; 3 of them now have 
survived 6 years. 

Although the data are incomplete, they 
do show that long survival and probable 
cure are possible in the presence of involve- 
ment of the hilar nodes. Intrapericardial 
dissection and en bloc removal of mediastinal 
nodes were not done routinely in this group 
of cases although they have been practiced 
by us with increasing frequency in the past 
few years. Only further experience and 
study will determine if this more extensive 
removal of mediastinal and hilar nodes will 
improve survival rates in this disease but it 
seems reasonable to suppose it will. 

Involvement of chest wall. During the time 
the patients in this series were being oper- 
ated upon, few resections of the chest wall 
en bloc with the lesion were being per- 
formed, only 2 being included in this series; 
however, in the past 4 years we, like others, 
have carried out resection of the chest wall 
en bloc with the tumor with increasing fre- 
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(77) Curative resection GB Survived 5 years 


Fic. 9. Graphic representation of operability, resecta- 
bility, and survival rates for the 4 types of bronchogenic 
carcinoma. 


quency. It is encouraging to note that 1 pa- 
tient who had pneumonectomy and resec- 
tion of a portion of the chest wall for a 
peripheral lesion with involvement of the 
chest wall is alive and apparently well 5 
years later. 

Although we have no data relating in- 
volvement of the chest wall or diaphragm 
to survival following resection, it seems ad- 
visable to continue the practice of resecting 
a portion of chest wall or diaphragm en 
bloc with the tumor if it is involved. This 
procedure usually is necessary only in the 
peripheral carcinomas which are ordinarily 
either adenocarcinomas or large cell car- 
cinomas. 

Pneumonectomy versus lobectomy. Because of 
oft-associated in situ carcinoma proximal to 
squamous cell carcinoma of the bronchus, 
in our opinion, pneumonectomy should al- 
ways be done in such cases when the gen- 
eral condition of the patient will permit it. 
There is no conclusive statistical evidence to 
answer the question as to the advisability of 
lobectomy for peripheral large cell carci- 
noma and adenocarcinoma in which the lo- 
bar hilar lymph nodes are not involved. It 
is our impression that at present lobectomy 
is in general the treatment of choice in these 
circumstances. This is substantiated by the 
experience of Jones, Robinson, and Meyer. 


+B-8Towth 
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SUMMARY 

Our experience with 844 proved and re- 
studied cases of cancer of the lung, encoun- 
tered in the years 1943 through 1949, is re- 
viewed. Operability rates, resectability rates, 
and survival rates are presented for each of 
the four cell types of bronchogenic carcino- 
ma: squamous cell carcinoma, adenocarci- 
noma, large cell carcinoma, and small cell 
carcinoma. They indicate that cell type is 
an important prognostic feature in broncho- 
genic carcinoma. Certain other factors in 
prognosis are discussed. 
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OBSERVATIONS ON THE SURGICAL CARE OF PATIENTS 


WITH POSTTRAUMATIC RENAL INSUFFICIENCY 


HENRY H. BALCH, M.D., F.A.C.S., WILLIAM H. MERONEY, M.D., and 
YOSHIO SAKO, M.D., Washington, District of Columbia 


ACUTE RENAL FAILURE following battle in- 
jury was noted in Germany by Minami in 
World War I; by Bywaters following air 
raids in England in World War II; and was 
also investigated by Beecher and associates 
in the Italian Theater of operations at that 
time. Lucké has stated that lower nephron 
nephrosis is the most frequent form of fatal 
kidney disorder encountered among mili- 
tary personnel during war. The Second 
Auxiliary Surgical Group (12) reported 
anuria to be the principal cause of death in 
4.6 per cent of a large series of fatal abdom- 
inal cases in World War II. The latter were 
thought to represent patients in whom early 
fatality had only just been averted, but 
nevertheless fatal physiologic or structural 
changes in the kidney had not been avoided. 
Renal failure following battle injury is most 
likely to occur with severe or multiple in- 
jury which has been associated with pro- 
longed shock. 

The mechanism of renal damage is not 
entirely understood. Some of the proposed 
theories have been reviewed by Lucké, Cor- 
coran and Page, and Moon and need not 
be repeated here. As Oliver and associates 
have indicated, prolonged selective renal 
vasoconstriction is probably of prime im- 
portance resulting in the development of 
widespread areas of renal tubular degen- 
eration. 

Posttraumatic renal failure is associated 
with a high mortality rate. Beecher and his 
associates reported an over-all fatality rate 
of 65 per cent in 78 patients with acute 
renal failure; this may be separated into a 


From the Division of Surgery, Army Medical Service Gradu- 
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fatality rate of 47 per cent for patients with 
oliguria and 91 per cent for those with 
anuria.! Uremia was the primary cause of 
death in 67 per cent of the fatalities. Ninety- 
four per cent of all deaths occurred within 
the first 10 days. Lucké reported that 74 per 
cent of the patients in a series of 100 fatal 
cases of posttraumatic renal failure re- 
viewed at the Armed Forces Institute of Pa- 
thology died within 8 days. Overhydration, 
potassium intoxication, or unknown toxins 
associated with the syndrome of uremia 
have been considered to be the most com- 
mon cause of death. 

Since World War II, there have been 
advances in the therapy of acute renal 
failure. These have been directed primarily 
toward the prevention of overhydration and 
the control of undue tissue catabolism. The 
latter minimizes the release of potassium into 
the circulation. In addition, ion exchange 
resins and artificial hemodialysis are used to 
lower dangerously elevated serum potas- 
sium levels and possibly to eliminate un- 
known toxins associated with uremia. 

A center for the treatment of acute renal 
failure was established in Korea under the di- 
rection of the Army Medical Service Gradu- 
ate School, Walter Reed Army Medical 
Center, and operated in collaboration with 
8th United States Army. The treatment of 
renal failure at the center has been discussed 
in another paper (7) and will be mentioned 
only briefly here. It is the purpose of this 
article to draw attention to some of the 
surgical problems encountered in the man- 
agement of these patients. 


1Oliguria, urinary output of 100 to 600 milliliters in 24 hours. 
Anuria, urinary output of less than 100 milliliters in 24 hours. 








CLINICAL MATERIAL AND METHODS 

Observations reported in this study. were 
made on 37 casualties admitted to the Post- 
Traumatic Renal Insufficiency Center, Ko- 
rea, during the months of April, May, June, 
and July 1953. Two of these patients were 
injured in vehicle accidents, 1 was severely 
burned, and the remaining 34 were wound- 
ed by small arms fire or by missiles from 
exploding mortar shells, hand grenades, or 
land mines. Resuscitation and initial surgery 
were carried out at several surgical hospi- 
tals. ‘The diagnosis of posttraumatic renal in- 
sufficiency was suspected when urinary out- 
put was less than 20 milliliters per hour pro- 
vided the systolic blood pressure was above 
90 millimeters of mercury. Plasma potas- 
sium determinations carried out on speci- 
mens of blood obtained from a few patients 
at forward surgical hospitals aided in the 
diagnosis when they were elevated. Patients 
were transported by air to the Renal Center, 
a distance of about 75 miles. They were 
admitted directly to the ward where blood 
pressure, pulse rate, temperature, and elec- 
trocardiogram were recorded immediately. 
A catheter was inserted in the bladder if not 
already present and irrigated to eliminate 
the possibility of mechanical block. Blood 
for plasma chemical determinations was 
drawn and the following analyses done at 
once: sodium, potassium, chloride, carbon 
dioxide capacity, nonprotein nitrogen, cal- 
cium, and phosphate. The hematocrit and 
white blood counts were also measured. 
Thereafter all of these laboratory proce- 
dures were determined daily or more fre- 
quently. The analytic methods used have 
been described previously (1). 

The clinical management of the patients 
was the joint responsibility of the medical 
and surgical staff of the Renal Center. The 
diagnosis of acute renal insufficiency was 
made at the center when a patient excreted 
less than 500 milliliters of urine per 24 hours 
in the presence of a stable blood pressure 
and a reasonable state of hydration. ‘The 
development of azotemia supported the di- 
agnosis. An autopsy was performed on al- 
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most all patients who died. The character- 
istic kidney lesion of post-traumatic renal 
failure was found in all the autopsied pa- 
tients grouped under that diagnosis in the 
present series. 

The medical management, which has 
been discussed elsewhere (7) can be sum- 
marized under four headings: 

1. Fluid balance. Total fluid intake per 
24 hours usually was restricted to 500 to 800 
cubic centimeters plus the volume of the 
obvious fluid output. Whole blood was not 
counted as fluid intake. 

2. Electrolyte balance. ‘The principle ab- 
normalities noted were increased concen- 
tration of plasma potassium, phosphorus, 
and organic acids and decreased concentra- 
tion of plasma sodium, calcium, and bicar- 
bonate. The first group are primarily in- 
tracellular substances which accumulate in 
uremic plasma when cells are devitalized or 
destroyed. The removal of such cells by 
thorough débridement diminishes the rate 
of accumulation of the substances in the 
plasma. Conversely, a rapid accumulation 
of these substances in the plasma suggests 
that devitalized tissue is still present and 
should be sought for (6). The only electro- 
lyte abnormality which is known to be lethal 
during oliguria is potassium intoxication, 
and greatest efforts were directed toward its 
control. 

Replacement of the deficit of sodium 
caused the potassium concentration to fall. 
When the salt used was sodium bicarbon- 
ate, acidosis was modified at the same 
time. Replacement of the calcium deficit 
caused amelioration of the toxic effects of 
potassium without changing the concentra- 
tion of potassium in the plasma. Infusions of 
hypertonic glucose with insulin also lowered 
potassium concentration and digitalis also 
antagonized potassium toxicity. If the ef- 
fectiveness of these measures was exhausted, 
artificial kidney dialysis was employed. 

3. Clinical uremia. As the plasma non- 
protein nitrogen concentration rose above 
approximately 250 milligrams per 100 cubic 
centimeters, there was a gradual progression 

















of anorexia, nausea, vomiting, hiccups, som- 
nolence, and tremulousness. If oliguria had 
continued untreated, these manifestations 
would have progressed to death. However, 
artificial kidney dialysis usually was em- 
ployed, and the clinical and chemical ab- 
normalities were corrected. When dialysis 
corrected the chemical abnormalities but 
not the clinical manifestations, it was found 
that some other disorder, such as sepsis and 
not uremia, was responsible for the symp- 
toms and signs. 

4. Supportive treatment. Maximal caloric 
intake of carbohydrate and fat (no potas- 
sium or protein) is desirable, but nutrition 
was usually limited to intravenous glucose 
(100 to 200 gms.) with vitamin supplements. 
Whole blood transfusions were given freely 
for anemia. 

Twenty-four patients from the present 
series had posttraumatic renal insufficiency. 
The diagnosis could not be made in 13 pa- 
tients admitted to the center, who were, 
however, treated there. Because the latter 
patients were seriously wounded, they serve 
as a control group. Although these patients 
were not oliguric on the basis of the some- 
what arbitrary definition used, they may 
have sustained renal damage, which may 
occur in severely wounded battle casualties. 


RESULTS 


Table I records the distribution of wounds 
in the two groups of patients. Wounds con- 
fined to the extremities formed the largest 
single category in the oliguric group. This 
did not obtain in the nonoliguric group. But 
the combined incidence of patients who 
sustained extremity wounds, either alone or 
in combination with injury elsewhere, was 
not very different in the two groups. All the 
extremity wounds resulted in muscle dam- 
age and presumably the opportunity for 
absorption of myoglobin into the circula- 
tion. For this reason, the relatively high 
number of patients in the oliguric group 
whose injuries were confined to the extrem- 
ities is of interest. However, it is possible 
that this finding is only a manifestation of 
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TABLE I.—DISTRIBUTION OF WOUNDS IN SEVERELY 
WOUNDED PATIENTS 





Oliguric. ——Nonoliguric___ 
No. patients Percent No. patients Per cent 
Extremity...... 11 45.8 a 23.1 
Abdominal..... 5 20.8 3 23.1 
Extremity and 
abdominal. . . + 16.6 4 30.7 
Thoracoab- 
dominal and 
extremity. ... 1 4.2 1 nae 
Thorax and 
extremity. ... 1 4.2 1 ae 
Thorax and 
spinal cord... 1 4.2 — — 
Head injury.... 1 4.2 — _— 
Burn (60 per 
eee ~ — 1 ye 
ROR ii dimen es 24 100 13 100 


the high incidence of extremity wounds in 
general. Beecher and his associates also 
found extremity wounds to be the most fre- 
quent in their combined anuric-oliguric 
series. Multiple injuries were nearly always 
present in both oliguric and nonoliguric 
patients from the present series which is to 
be expected in any group of severely wound- 
ed battle casualties. 

Table II records the major complications 
encountered in the patients under study at 
the Renal Center. Significant infection was 
present in 83 per cent of the oliguric pa- 
tients. These included myositis, peritonitis, 
septicemia, lung abscess, and wound infec- 
tion. Sixty-three per cent of the nonoliguric 


TABLE II.—SIGNIFICANT COMPLICATIONS IN 
PATIENTS AT RENAL INSUFFICIENCY CENTER 








Oliguric Nonoliguric 
—__(24 patients) __ (13 patients) 
No. patients No. patients 
with Per with Per 
Complication* complication cent complication cent 
WANN ees dcicecen 15 62.5 a 23.1 
Peritonitis.......... 2 8.3 Bs 23.1 
Lung abscess....... 1 4.2 
Septicemia......... 3 12.5 
Wound infection. ... 1 4.2 
Burn infection. ..... 1 Ta 
Postoperative shock. . 4 16.7 5 38.5 
Uncontrolled hemor- 
Wisse deena se 2 8.3 1 7.7 


Excessive bleeding 
after secondary 


débridement...... 6 25 1 7.7 
Failure arterial repair 6 25 
Overlooked stomach 

perforation....... 1 7.7 
Evisceration........ 1 4.2 


*More than 1 complication was found in some patients. 
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TABLE III.—DIAGNOSIS AND RESULT OF PATIENTS 
ADMITTED TO RENAL CENTER WITH. POST- 
OPERATIVE SHOCK 


Case no. Diagnosis Result* Oliguriat 

100 Overlooked stomach per- 

foration; peritonitis... .. Survived Absent 
107 Extensive head injury..... Died (1.5) Present 
109 Multiple abdominal visceral 

injury; ? peritonitis..... Died (2) Absent 
122 Multiple extremity wounds Died (1) ~ 

8 Uncontrolled retroperitoneal 

| ea ee Died (1) Present 
229 Bilateral traumatic ampu- 

tation thighs; myositis... Died (7) Present 
130 Multiple abdominal and 

extremity injuries....... Survived Absent 
131 Multiple abdominal visceral 

injury; fulminating 

POTHOMIE 56. o.0:80 5.0.0.0: Died (1) Absent 
139 Multiple abdominal and 

thoracic injury... .....+ Died (2 hr.) = 


*Number in parenthesis indicates survival time in days at Renal 
Center. 

{The output of less than 500 milliliters of urine in 24 hours at the 
Renal Center in the presence of a stable blood pressure and adequate 
fluid intake. 


patients who survived a sufficient length of 
time also developed complicating infection. 
These included myositis, peritonitis (includ- 
ing patient with overlooked stomach perfo- 
ration), anda patient with an infected burn. 

The most frequent complication found in 
the oliguric group was myositis, which in this 
series was found only in the extremities. 
Necrosis and infection of the muscle ap- 
peared to be the result of inadequate ini- 
tial débridement in most instances. The in- 
volved muscles were edematous, discolored, 
friable, and foul-smelling. ‘The lesions were 
usually localized and often confined to one 
or more muscle compartments, although 
systemic manifestations were sometimes se- 
vere. However, in several instances muscle 
involvement was extensive and 1 case of ex- 
tensive crepitant myositis of the thigh is in- 
cluded in the series, from which Clostridium 
perfringens was isolated. Temperatures of 
most of the patients with myositis were be- 
tween 101 to 104 degrees F., and the pulses 
were rapid. Leucocytosis with an increase in 
the per cent of neutrophils was a prominent 
but not a consistent feature. The patients 
did not complain commonly of wound 
pain, except with manipulation. The ap- 
parent absence of pain in some patients may 
have been because many of them were con- 


fused and disoriented. The latter appeared 
to be related to the presence of hypotension, 
a possible bacterial toxemia and also at 
times to uremia. The temperatures and 
pulses were normal in 2 patients at a time 
when wound examination revealed exten- 
sive muscle necrosis and infection. Bacteri- 
ologic studies from wounds were not always 
complete but the findings showed a poly- 
bacterial flora which included saccharolytic 
and proteolytic varieties of clostridia, strep- 
tococci (beta hemolytic, gamma, and micro- 
aerophilic) and a variety of gram negative 
bacilli. The available data do not permit a 
correlation between the clinical appearance 
of the involved muscle and the microorgan- 
isms isolated, except in the patient with 
crepitant myositis from which Clostridium 
perfringens was isolated. 

Clostridial-like myositis was found in am- 
putation stumps to which skin traction had 
been applied at a forward hospital in 4 of 6 
patients admitted with such traction. There 
was no positive evidence that skin traction 
and possible compression of the distal stump 
actually promoted the development of mus- 
cle necrosis and infection. It is possible that 
initial débridement was inadequate, but it 
was probably unwise to apply skin traction 
to a stump after initial débridement if there 
was any question as to the viability of the 
muscle. This would be particularly true if 
the onset of acute renal failure was suspected 
as chemical effects of myositis were harder 
to control when renal failure was present. 

The principles employed in the treatment 
of muscle necrosis and infection were sur- 
gical excision of the involved muscle and the 
administration of large doses of antibiotics. 
The latter were usually given empirically as 
follows: Penicillin was used both intrave- 
nously and intramuscularly in the crystal- 
line form in doses varying from 300,000 
units to 12 million units per day in different 
patients. In addition streptomycin or one of 
the tetracycline compounds was adminis- 
tered; usually 1.0 gram of the former intra- 
muscularly and 1.5 gram of the latter was 
given intravenously or by mouth daily. 




















































Myositis appeared to have been controlled 
in 9 of the 15 affected oliguric patients. The 
available data do not permit an accurate 
evaluation of the effect of the aforemen- 
tioned antibiotics on the myositis in the pa- 
tients who survived. Six patients died despite 
aggressive surgery and antibiotic therapy. 

The finding of such a high incidence of 
myositis in the oliguric patients is of interest 
because of a possible etiologic relationship. 
But acute renal failure was also found in 
patients without clostridial-like myositis, and 
conversely patients were seen with clostri- 
dial-like myositis, without oliguria. Unfor- 
tunately, the data are insufficient to com- 
pare bacterial flora in pathologic muscle 
from patients with and without oliguria. 

The other types of infection recorded in 
Table II do not require much comment. 
They represented types of infection likely to 
complicate severe injury. The 3 cases of 
septicemia were apparently due in each in- 
stance to a single species of microorganism, 
a hemolytic staphylococcus, a proteus bacil- 
lus, and a paracolon bacillus; only the latter 
patient died. 

The patients with arterial injury and at- 
tempted repair who developed oliguria are 
of interest. The group included 3 femoral, 2 
posterior tibial, and 1 brachial artery injury. 
The systemic effect and pathologic sequence 
following a major arterial injury may be 
similar in some respects to that encountered 
in the “crush syndrome,” described by By- 
waters. It is possible, therefore, that there 
may have been a direct etiologic relation- 
ship between the muscle ischemia resulting 
from arterial injury and subsequent renal 
failure. But gangrene may occur in an ex- 
tremity distal to the site of arterial repair 
without the occurrence of oliguria. A review 
of the records suggests that the poor results 
obtained following arterial surgery in the 6 
patients under discussion were probably the 
result of errors in judgment. Primary ampu- 
tation might have been the wiser choice be- 
cause of extensive associated injury. 

Uncontrolled gastrointestinal tract hem- 
orrhage was a late complication in 2 patients 
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and may have been due to uremia. Another 
patient had uncontrolled retroperitoneal 
bleeding which appeared at autopsy to have 
originated from lumbar veins or from an 
overlooked tear in the inferior vena cava. 
This patient died on the operating table 
while undergoing a laparotomy in an attempt 
to control oozing. He had received 25 liters 
of bank blood. 

Excessive bleeding following secondary 
débridement of muscle was noted in 7 pa- 
tients. Uremia did not seem to be the cause 
of the bleeding as the complication was en- 
countered soon after injury when the non- 
protein nitrogen was relatively low. All the 
patients had received low titer group O 
blood and there was no clinical evidence 
that they had sustained a transfusion reac- 
tion; moreover, blood specimens drawn dur- 
ing the episodes did not reveal hemolysed 
plasma. Only 1 of these patients did not have 
oliguria but other wounded patients without 
oliguria (not reported in this paper) were 
seen at a mobile Army surgical hospital with 
this complication. ‘The oozing was so profuse 
that serious blood loss occurred. The only 
effective method of controlling hemorrhage 
was either the application of tight compres- 
sion dressings or extensive cauterization. 
Hemostats were not very effective except 
when applied to obvious blood vessels. Other- 
wise, their use promoted further hemorrhage. 
Freshly drawn ACD?-blood was given to 2 
of these patients but we are not certain of its 
effect in controlling the oozing. The use of 
the cautery or of compression in wounds is 
often not desirable and this was particularly 
true in the type of wounds under discussion. 
They were already heavily contaminated 
with aerobic and anaerobic microorganisms 
so that any procedure which caused inter- 
ference with local circulation or promoted 
tissue necrosis was undesired. 

Nine patients in the present series were ad- 
mitted to the Renal Center in shock or with 
an unstable blood pressure which could only 
be maintained at about 100 millimeters of 
mercury by the administration of norepi- 


2Anticoagulant sodium citrate citric acid dextrose solution. 


4 AUT Li 
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TABLE IV.—FATALITY RATE AND SURVIVAL 
TIME AT RENAL INSUFFICIENCY CENTER, 


All patients Oliguric Nonoliguric 
ee av 24 13 
BPPOG s.5 Heiss ee wnwisce 26 18 8 
Fatality rate, per cent 70 15 62 
Average time from 
injury to death, 
rere ae Wad SVEU32F 6:54:00" 





*Standard error of the mean. 


nephrine continuously. They had been trans- 
ported by air from forward hospitals because 
of oliguria, with the expectation that they 
could be managed more adequately at the 
Renal Center. All of them had received initial 
surgery. Data on their diagnosis and course 
are presented in Table III. Hypotension was 
associated with infection in 4 of these pa- 
tients, and with uncontrolled retroperitoneal 
bleeding in another. Oliguria persisted in 3 
of the 9 hypotensive patients following resto- 
ration of the blood pressure by the admin- 
istration of transfusions of norepinephrine. 
Oliguria did not persist in 4 others and 
could not be determined in 2 patients be- 
cause of our inability to resuscitate them. 
The general policy in the Korean theater of 
operations was to avoid transporting pa- 
tients with postoperative hypotension. These 
patients represented an exception to this rule 
for the reason given and also because the po- 
tential of the Renal Center was being con- 
tinuously evaluated. These data demonstrate 
the apparent futility of transporting patients 
with postoperative hypotension to a Renal 
Failure Center, if facilities for resuscitation 
are available at the forward level. Not only 
may movement be detrimental to the patient 


TABLE V.—PRINCIPAL CAUSES OF DEATH IN 
PATIENTS AT RENAL INSUFFICIENCY CENTER 
Cause of death Oliguric (24 patients) Nonoliguric (13 patients) 
DIVOREB. 5.6.6 6a:60 6 
Peritonitis.......... 
Hemorrhage...... 
ice csi 
Septicemia....... 
Head wound..... 

Infected 60 per 
cent burn...... 
Cerebral embolus. . 
Fat embolus...... 
Multiple injury. .. 
Hyperkalemia... . 
Undetermined.... 


mel nla 
| | xene 


uepon| 
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but it is impossible to predict whether or not 
a hypotensive oliguric patient will develop 
persistent oliguria. 


COMPARISON OF COMPLICATIONS IN PATIENTS 
FROM OLIGURIC AND NONOLIGURIC SERIES 


The significance of the differences in inci- 
dence of the various complications encoun- 
tered in the oliguric and nonoliguric pa- 
tients in this study is somewhat difficult to 
evaluate. Probably the only important dif- 
ference was the higher incidence of myositis 
in the oliguric group. It may be because of 
this that the incidence of postdébridement 
bleeding was higher in the oliguric group 
also. 


FATALITY RATE AND SURVIVAL TIME 


Table IV records the fatality rate and also 
the mean survival time of the fatalities in the 
oliguric and nonoliguric groups. Mortality 
was high regardless of urinary output al- 
though it was somewhat higher in the oliguric 
series. ‘Thirteen of the oliguric patients ex- 
creted less than 100 milliliters of urine per 
24 hours and the fatality rate was 77 per 
cent. Eleven of the oliguric patients excreted 
between 100 and 500 milliliters of urine per 
24 hours; the fatality rate was 73 per cent in 
that group. The mean survival time from 
injury to death in fatal cases was not sig- 
nificantly different in the two groups. ‘Two 
patients in the nonoliguric group who failed 
to survive postoperative hypotension were 
excluded from these calculations. 


CAUSES OF DEATH 


It is difficult to establish absolute causes 
of death in a complex disease, and the sepa- 
ration of these causes from the effects of renal 
disease is somewhat arbitrary. Table V lists 
what were considered to be the principal 
causes of death in patients from both series. 
The incidence of death from infection was 
similar in the two groups although death 
from myositis was more common in the oli- 
guric group. Renal failure was the imme- 
diate cause of death in only 1 of the oliguric 
patients. A relatively rapid rise in plasma 
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TABLE VI.—CLINICAL COURSE OF PATIENTS ADMITTED TO RENAL CENTER WITH PLASMA 
POTASSIUM ABOVE 6.0 MILLIEQUIVALENTS PER LITER 


Day of first 
dialysis after 


Admisston admission to 
Case No. K mEq./L. Dialyzed Renal Center 
RO. paadaco sees 6.2 Yes + 
OE ira ecto tre eies Te Yes 6 
[2 Ree ema Sea are BS Yes 4 
7 LPT Ee RE: ogee 6.0 No _ 
enero nen 7.0 No — 
WE, cueionees seks 6.7 Yes 3 
RO oxcdatec meine 8.2 Yes 1 
BE ey are sueemnn os 7.8 No : 
FOR re veenae o Pe Yes 4 
|) ee Reo Nor 6.9 Yes 2 
ae Ee re 8.0 Yes 1 
| > ee ore 7.0 Yes a 
en ee 6.6 No _— 
WO ss ay siase se eiwcaeraincs 7.0 Yes 3 
|) | Re ary oe Re ea ye No *— 
WG? owas Kereta 7.9 Yes 1 


potassium developed without symptoms and 
was first recognized from an electrocardio- 
gram which was taken routinely. The patient 
died before artificial hemodialysis could be 
commenced. Death in this patient occurred 
on the eleventh postwound day; he had 
undergone hemodialysis on 2 previous occa- 
sions because of high plasma potassium. ‘The 
cause of death could not be determined in 5 
other oliguric patients. Deaths in the latter 
patients did not appear to be due to chem- 
ical imbalance, and no lesions were found 
at autopsy which were considered incom- 
patible with life. 


TRANSPORTATION OF POOR RISK PATIENTS 
TO THE RENAL CENTER BECAUSE OF 
HIGH PLASMA POTASSIUM 


Operation of the Renal Center on a mo- 
bile basis seemed to be impracticable. There- 
fore, it was necessary to transport patients 
with acute renal failure to the Center. ‘The 
plasma potassium level may reach 7 or 8 
milliequivalents per liter within 24 hours of 
injury in patients with posttraumatic renal 
insufficiency. Transportation of such patients 
is usually hazardous because other contra- 
indications to movement are often present 
also. For example, hypotension, continued 
bleeding, progressive infection or unstabilized 


Day of death 


Final after admission 

result to Renal Center Apparent cause of death 

Died 21 Peritonitis, GI hemorrhage 

Died 8 Myositis 

Died 5 Multiple lung abscesses 

Died 6 Myositis 

Died 4 Undetermined, no autopsy 
Recovered — os 
Recovered — ~- 

Died 1 Massive head injury 

Died 8 Myositis 

Died 3 Undetermined 

Died 1 Uncontrolled retroperitoneal bleeding 

Died 8 Myositis 

Died 3 Cerebral edema 

Died 6, Septicemia 

Died 2 Undetermined 

Died 2 Undetermined 


head or chest injury may be present. Never- 
theless, because of the fear of early death 
from potassium intoxication, a number of 
patients were sent to the Renal Center for 
possible hemodialysis who would not have 
been moved otherwise. Upon arrival at the 
Renal Center aggressive medical and surgi- 
cal therapy was commenced and hemodial- 
ysis carried out if necessary. During the 
period of this study, 16 such patients were 
admitted to the Renal Center with a plasma 
potassium above 6.0 milliequivalents per 
liter. ‘Table VI records data on the subse- 
quent course of these patients. Only 2 of the 
patients survived although 12 of the others 
lived 2 days or longer at the center. None of 
the deaths were the result of pulmonary 
edema, hyperkalemia, or uremia per se. 
Hemodialysis was carried out on 11 of these 
patients, usually more than once; but in 
only 3 of the patients of whom 2 subsequently 
died was this done within 24 hours of ad- 
mission. All of these patients received inten- 
sive medical therapy to combat the effect of 
acute renal failure so that hemodialysis was 
not considered necessary in every patient. 
‘Transportation to the Renal Center was of 
value to only 2 of these 16 patients if end 
result alone is considered. Probably all 16 
patients would have died if a Renal Center 
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OIURESIS 
POST WOUND DAYS 


Fic. 1. Case 110. Daily record of fluid balance, not 
corrected for insensible water loss. Charting follows meth- 
od described by Moore and his associates. The daily 
temperature peak, hematocrit, and the volume of blood 
administered are also recorded. 


had not been available to them. However, 
the data in Table VI also suggest that the 
elimination of the renal component as a 
cause of death may lead to an improved 
mortality rate if other causes of death can 
also be controlled. 


HEMODIALYSIS AND SURVIVAL 


Eighteen of the 24 oliguric patients pre- 
sented in this study were dialyzed, usually 
more than once; 6 of these dialyzed patients 
survived. It is believed that the latter would 
have died if facilities for hemodialysis had 
not been available to them. But, as discussed 
before, specific treatment for acute renal 
failure including hemodialysis will not neces- 
sarily save patients with the posttraumatic 
variety of acute renal failure if there are 
other surgical complications. The following 
2 case examples are presented to demonstrate 
that fact in more detail and also to indicate 
the type of surgical problem encountered. 


Case 110. A 22 year old negro male sustained trau- 
matic amputation of both legs following a land mine 
explosion on June 8, 1953. Tourniquets were applied, 
and the patient was treated at a battalion aid station 
134 hours after injury by the administration of 1 liter 
of dextran, 4 grain morphine sulfate, and 0.5 milli- 
liter of tetanus toxoid. The patient was transferred to 
a collecting station where he arrived with a blood 
pressure of 95/60 and a pulse rate of 100. He was 
subsequently transferred to a clearing station, arriving 
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4 hours after injury with a blood pressure of 90/?. 
Fifteen hundred cubic centimeters of blood were 
given, the tourniquets being left in place. Transfer was 
effected to a mobile Army surgical hospital where the 
patient was admitted approximately 5 hours after 
injury. Débridement of a left above-knee stump and 
right below-knee stump was carried out 7/4 hours 
after injury. Twenty-five hundred cubic centimeters 
of blood were given during the procedure which was 
accompanied by a fall in blood pressure to shock 
levels for a short period of time. The blood pressure 
stabilized after operation and the urinary output was 
1,100 cubic centimeters during the following 24 hours. 
A second débridement of both amputation stumps 
was done on June 10 (2 days later). Except for an 
initial drop at the beginning of the procedure, the 
patient’s blood pressure remained satisfactory through- 
out the operation. The 24 hour urinary output was 
250 cubic centimeters on that day. The patient was 
transferred to the Renal Center by air on June 11 
because of persistent diminished urinary output and a 
reported plasma potassium of 6.1 milliequivalents per 
liter. He arrived at the center with a blood pressure 
of 118/74, a pulse rate of 100, and a temperature of 
100 degrees F. He was alert, hiccoughing, and com- 
plained of nausea. Fluid intake was restricted to about 
800 milliliters per day; 600,000 units of crystalline 
penicillin twice a day, and 0.5 gram of streptomycin 
twice a day were continued, and other general meas- 
ures for the management of acute renal failure were 
instituted. The patient vomited at intervals so that 
for several days the only caloric intake was that re- 
ceived by vein in the form of 25 per cent glucose. 
Areas of necrotic muscle were found in both amputa- 
tion stumps on June 13, requiring reamputation on 
both sides. This procedure was tolerated poorly; the 
blood pressure dropped to 60/20, and 2,500 milliliters 
of blood containing norepinephrine were required. 
The blood pressure rose to 100 systolic, but again 
dropped following the return of the patient to his bed; 
he was given another 1,000 cubic centimeters of blood. 
The shock position was maintained during the night, 
and the systolic blood pressure remained around 90 
millimeters of mercury. There was considerable 
bloody drainage from both stumps due to excessive 
oozing following the reamputations, which was diffi- 
cult to control and required tight compression dress- 
ings. Subsequently the patient improved but by the 
sixteenth of June he was somewhat stuporous. At that 
time the nonprotein nitrogen was 255 milligrams per 
cent, and the plasma potassium 8.2 milliequivalents 
per liter. Hemodialysis was carried out but discon- 
tinued after 2% hours because blood clots formed in 
the tubing. The patient was somewhat improved fol- 
lowing dialysis; but 2 days later a 6 hour hemodialysis 
was carried out because of increasing somnolence and 
a rising nonprotein nitrogen and plasma potassium. 
The response to dialysis was excellent and during the 
succeeding 4 days urinary output gradually increased. 




















Daily dressings showed progressive granulation of the 
amputation stumps. On the fifteenth day after injury 
the 24 hour urinary output was 710 milliliters, non- 
protein nitrogen 233 milligrams per cent, and plasma 
potassium 7 milliequivalents per liter. The patient 
was again drowsy so hemodialysis was done once more 
with a good result. Subsequently, urinary output con- 
tinued to rise and reached a peak of 6,080 cubic centi- 
meters on July 2. Coincident with the increased 
urinary output, the patient’s clinical state improved, 
manifested by increased appetite and alertness. He 
was subsequently evacuated to Japan for further 
wound care. Data regarding fluid balance and labora- 
tory findings are given in Figures 1, 2, and 3. Figure 1 
reveals that the patient was febrile throughout his 
stay at the Renal Center. The hematocrit was sub- 
normal during that time, although a 500 milliliter 
blood transfusion was given almost every day. Fluid 
balance was reasonably well managed with diuresis 
commencing on the fourteenth day. Caloric intake 
was low for most of the hospital stay. Figures 2 and 3 
present the chemical data from the patient and show 
the effect of artificial hemodialysis on these. The levels 
of potassium, phosphate, and nonprotein nitrogen in 
the plasma increased during the oliguric phase with 
return toward normal with hemodialysis. Carbon 
dioxide capacity fell as oliguria persisted and rose with 
hemodialysis. The fluctuations in the plasma levels of 
sodium, chloride, and total calcium were not so con- 
sistent because of the intermittent therapeutic ad- 
ministration of these agents. It is our opinion that 
hemodialysis was one of the life-saving procedures 
used in this patient. 

Case 129. A 23 year old negro male sustained trau- 
matic amputation of both legs and a laceration of the 
left forearm due to a land mine explosion on July 8, 
1953. Tourniquets were applied to the legs and the 
patient was admitted to a forward surgical hospital 
11% hours after injury. He was in severe shock and 
given 3,000 milliliters of blood. Bilateral, guillotine 
amputations of the thighs and débridement of the 
forearm wound were commenced 7 hours after injury. 
A further 3,000 milliliters of blood were given during 
the operative procedure which lasted 2 hours. The 
postoperative blood pressure remained at about 110/ 
70 for the first 6 hours but then became nonpercepti- 
ble. The diagnosis of impending acute renal failure 
was suspected because no urine could be obtained by 
catheterization so the patient was transferred by air 
to the Renal Insufficiency Center. He was admitted 
to the center approximately 20 hours after injury with 
a temperature of 103 degrees F., a pulse rate of 150 
per minute, and a respiratory rate of 32 per minute. 
The blood pressure was not perceptible, but the pa- 
tient’s skin was warm and dry and he was restless and 
responded slowly to questions. Following the rapid 
transfusion of 1,000 milliliters of blood the pressure 
returned to 100/80. This then stabilized at about 130/ 
80 approximately 26 hours after injury. The potas- 
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Fic. 2. Case 110. Plasma calcium, phosphorus, and 
nonprotein nitrogen. Effect of hemodialysis. 


sium level in the plasma was 7.0 milliequivalents per 
liter on admission to the center. Examination of the 
wounds on the morning after initial surgery revealed 
a severe myositis involving the entire adductor group 
of the left thigh stump including the sartorius and 
vastus medialis muscles. The affected muscles were 
pulpy, avascular, and purple-blue in color. A brown- 
ish exudate with a characteristic foul smell was pres- 
ent but crepitation was absent. Other muscle groups 
in the same thigh appeared uninvolved. The right 
amputation stump also appeared in satisfactory condi- 
tion. An extensive débridement was done on the left 
side, removing the major portion of the medial muscle 
groups up to the pubic bone. A large metal fragment 
was found among the necrotic muscle groups in the 
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POST WOUND DAYS 


Fic. 3. Case 110. Plasma chloride, carbon dioxide 
content, potassium, and sodium. Effect of hemodialysis. 
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Fic. 4. Case 129. Daily temperature, pulse, and 
respiration related to total white blood count, phagocytic 
index, complement titer, and synthesis of tetanus anti- 
toxin. 


region of the inguinal ligament, apparently having 
traveled up along fascial planes. The blood pressure 
was unstable during the operative procedure and re- 
quired continuous supporting blood transfusion. The 
wound was dressed daily and on each occasion further 
débridement of progressively involved necrotic mus- 
cle was necessary. The first of these procedures was 
done under anesthesia which precipitated a sustained 
fall in blood pressure. The subsequent débridements 
were done without general anesthesia, but the blood 
pressure fell with each operative procedure even 
though manipulation was gentle and only dead tissue 
was excised. It was obvious early in the patient’s 
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POST WOUND DAYS 


Fic. 5. Case 129, Daily record of fluid balance, not 
corrected for insensible water loss. Charting follows 
method described by Moore and his associates. The daily 
hematocrit and the volumes of blood administered to the 
patient are also recorded. 





course that a hip disarticulation was required to get 
above all devitalized infected muscle. However, we 
were not of the opinion that the patient could tolerate 
such major surgery. Artificial hemodialysis was per- 
formed on 2 occasions for apparent clinical uremia 
but the persistence of symptoms after chemical bal- 
ance was restored was interpreted as evidence that 
myositis provoked the toxic manifestations. The pa- 
tient’s blood pressure persisted at hypotensive levels 
during the final 2 days of life. He remained drowsy and 
confused and hiccoughed constantly. A precordial 
friction rub developed and was thought to be due to 
mediastinal emphysema. Death occurred on the ninth 
postwound day. Examination of the left stump at 
autopsy revealed residual areas of infected necrotic 
muscle confined to the posteromedial aspect. Other 
muscle groups showed areas of discoloration similar to 
the fish-flesh appearance described in the crush syn- 
drome. The right amputation stump did not appear 
to be infected. The only other finding of significance 
was the presence of mediastinal emphysema. The 
primary cause of death was probably necrotizing 
myositis with complicating acute renal insufficiency. 

Figure 4 shows some of the clinical data from this 
patient. The course was febrile except for a relatively 
short period. The pulse and respiratory rates were 
rapid. The white blood count was persistently ele- 
vated and the per cent of neutrophils above normal. 
The dosages of chemotherapeutic agents were as fol- 
lows: penicillin, 1 million units every 4 hours intra- 
venously; oxytetracycline, 0.5 gram intravenously 
every 6 hours; chloramphenicol, 0.5 gram orally 
every 6 hours; and during the last day of illness, 
erythromycin, 0.4 gram orally. 

Figure 5 records data on daily fluid balance, hema- 
tocrit, and blood transfusions. The hematocrit fell 
progressively even though blood transfusions were 
administered. The patient’s fluid balance was con- 
trolled reasonably well. 

Figures 6 and 7 record the chemical data from the 
patient. The levels of nonprotein nitrogen, phosphor- 
us, and potassium in the plasma increased as oliguria 
progressed with return toward normal following 
hemodialysis. Acidosis was progressive until the 
seventh postwound day. The observations on calcium, 
chloride, and sodium were influenced in part by the 
intermittent administration of these substances and 
also by hemodialysis. 


These 2 patients had sustained similar in- 
juries and both became oliguric. A com- 
parison of the chemical data reveals similar 
findings with the exception that the abnormal 
changes progressed more rapidly in Case 
129. It is believed that this was related to the 
degree of the pathologic changes in the 
muscle of the left amputation stump. Hemo- 























dialysis was first required on the third post- 
wound day in Case 129, whereas it was not 
needed until the eighth postwound day with 
the other patient. But with both patients 
hemodialysis restored the chemical devia- 
tions toward normal. Likewise, the other 
data from each patient which are presented 
in Figures 1, 4, and 5 are quite similar. 
These observations appear to show that the 
specific measurable effects of acute renal 
failure were being controlled in both pa- 
tients. But the patient in Case 129 died 
because of our inability to overcome the pro- 
gressive necrotizing infection confined to a 
portion of the left amputation stump. 


DISCUSSION 


The patients reported in the present study 
constituted a small selected group of the most 
severely wounded casualties. Many of them 
were alive only because of extraordinary 
efforts made by medical personnel at forward 
levels. Uncontrollable circumstances often 
prevented the immediate application of all 
the desired appropriate therapeutic meas- 
ures. For this reason some of the observations 
and conclusions reported in this paper are 
not necessarily applicable to the manage- 
ment of patients with less severe battle injury. 

If the onset of oliguria is a direct reflection 
of the magnitude or degree of tissue damage, 
it may be impossible to obtain valid control 
patients in studying the clinical course of 
posttraumatic renal insufficiency. The con- 
trol subjects used in this study were severely 
injured and had been sent to the Renal Cen- 
ter because acute renal failure was suspected. 
Some of them had elevated nonprotein nitro- 
gen plasma levels, but the degree of change 
manifested by the chemical data was much 
greater in the oliguric group. 

The data from this study do not reveal any 
new factors of possible etiologic significance 
in acute renal failure. Severe shock had been 
present in 23 of the oliguric patients and 
was probably present in the other patient 
also. An inadequate history prevents a posi- 
tive statement about the presence or absence 
of shock in the latter patient. All but 3 of the 
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Fic. 6. Case 129. Plasma calcium, phosphorus, and 
nonprotein nitrogen. Effect of hemodialysis. 


nonoliguric patients also had histories of 
severe shock and again the histories were 
inadequate where shock was not recorded. 
Therefore, the presence of severe shock fol- 
lowing battle injury is not necessarily fol- 
lowed by persistent oliguria after resuscita- 
tion. This confirms the observations of the 
Second Auxiliary Surgical Group in World 
War II (12). They reported a 7.1 per cent 
incidence of oliguria (including anuria) in 
140 patients admitted to forward hospitals 
with a systolic blood pressure under 41 milli- 
meters of mercury. ‘The incidence was 2.5 
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POST WOUND DAYS 


Fic. 7. Case 129. Plasma chloride, carbon dioxide con- 
tent, potassium, and sodium. Effect of hemodialysis. 
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per cent in patients admitted with a systolic 
pressure between 41 and 70 millimeters of 
mercury. Wounds confined to the extrem- 
ities were more common in oliguric patients 
from the present study; but because extrem- 
ity wounds were not present in all of the 
oliguric patients, their significance as an etio- 
logic factor is hard to evaluate. (Specific 
analyses for myoglobin were not performed.) 
For the same reason the possible etiologic sig- 
nificance of the high incidence of clostridial- 
like myositis is in doubt. A transfusion reac- 
tion in shocked patients was thought to be 
etiologically significant in 2 of the oliguric 
patients. Three others sustained direct injury 
to one kidney and these, too, may have been 
coincidental rather than truly significant in 
the etiology of the renal syndrome. It is pos- 
sible that renal damage was the result of the 
cumulative effects of several insults which 
individually were insufficient to produce the 
lesion. 

The high incidence of surgical complica- 
tions in both the oliguric and nonoliguric 
patients was not surprising considering the 
circumstances. Of particular interest was the 
high incidence of infection found in both the 
oliguric and nonoliguric patients reported in 
this study and which was thought to be the 
primary cause of death in approximately 45 
per cent of the fatalities. The effect of severe 
injury and of acute renal failure on resistance 
to infection in battle casualties has been the 
subject of a separate study by one of us 
(H.H.B.); these results have been reported in 
detail in another communication (1). No 
evidence has been found that such patients 
were more prone to infection because of a 
deficiency in the natural or acquired anti- 
bacterial defense mechanisms. It was diffi- 
cult to obtain reliable data in Korea on the 
incidence of serious infection in patients with 
severe battle injury who were not admitted 
to the Renal Center. And, as discussed pre- 
viously, the problem of securing valid con- 
trol subjects with comparable injury but no 
renal disease may be insurmountable. How- 
ever, incidence of infection was alike in the 
2 small groups reported in this paper. 
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Complicating infection renders the control 
of the specific effects of acute renal failure 
much more difficult even if artificial hemo- 
dialysis is used (7). Therefore, it is of the ut- 
most importance to recognize infection early 
and to institute vigorous treatment without 
further delay. We found it important to 
examine all wounds at once in patients newly 
admitted to the center, regardless of the ac- 
companying history. Immediate secondary 
débridement was necessary in 14 of the 37 
patients from the present study. Subsequent- 
ly the wounds should be examined at least 
once a day to be certain that devitalized 
tissue or progressive infection is not present. 
Secondary débridements should be done as 
soon as the need is recognized and should be 
thorough and radical if oliguria is present. 
Likewise, it may be wiser to amputate an 
extremity without delay if there is any doubt 
about its viability rather than temporize in 
the interest of conserving a limb. Patients 
with posttraumatic renal insufficiency pre- 
sent such a poor prognosis that an error in 
judgment by erring on the conservative side 
in wound management may precipitate a 
fatality. Nor may there be sufficient time to 
correct such an error because of the rapid 
deterioration of the clinical state. However, 
it was not always possible to undertake the 
desired radical surgery in some patients be- 
cause of their extremely poor tolerance of any 
manipulation. In other patients, in whom 
excessive bleeding had followed secondary 
débridement, the subsequent débride- 
ments were sometimes curtailed because 
of the fear of serious hemorrhage. The rec- 
ommendations made do not necessarily apply 
to other less severely wounded nonoliguric 
patients where the therapy of acute renal 
failure is not a factor. In the latter type of 
casualty the policy of minimal disturbance 
of wounds during the period between initial 
débridement and secondary closure was usu- 
ally satisfactory. 

The data presented on the transportation 
of patients with high plasma potassium levels 
to a Renal Center for possible hemodialysis 
are not encouraging. Only 2 patients sur- 














vived and only 1 of these required dialysis 
within 24 hours of admission; but none of the 
deaths were due to hyperkalemia. 

The arrival of patients at the Renal Center 
with high plasma potassium levels who were 
also in shock and whose wounds required 
débridement because of myositis presented a 
particularly difficult problem. Resuscitation 
was first attempted and then a decision had 
to be made on whether to dialyze the pa- 
tient’s blood or débride the wounds. If the 
latter was done first, there was the risk of 
sudden death on the operating table, possibly 
due to a further increase in the level of po- 
tassium in association with anesthesia, hypo- 
tension, or wound manipulation. Further- 
more, the heparinization required during the 
subsequent hemodialysis might promote 
bleeding from the freshly débrided wounds. 
If hemodialysis was done first, then myositis 
might progress during the 6 to 8 hours re- 
quired for hemodialysis. When such a deci- 
sion was required in patients reported in this 
study, hemodialysis was done first; but be- 
cause most of these patients died eventually, 
there is little evidence that the decision was 
the correct one. 

There appears to be little advantage in 
transporting to a renal center other oliguric 
patients in whom the immediate danger 
from hyperkalemia is not great if any of the 
well established contraindications for mov- 
ing patients are present. The antipotassium 
fluids and electrolyte therapy advocated by 
Meroney and Herndon may be lifesaving in 
such a situation. 

The fatality rate and survival time of the 
small series of oliguric patients reported in 
this study were somewhat different from 
those reported by Beecher and his associates. 
The fatality rate for anuric patients was 14 
per cent better and for oliguric patients 26 
per cent worse than those reported in the 
World War II study. The latter difference 
is hard to understand and may be due to the 
smallness of the present series. But a signifi- 
cant finding in the present study was that 
the primary cause of death was thought to be 
the result of renal failure per se in only 1 
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patient. In the World War II study, uremia 
was the primary cause of death in 67 per cent 
of the fatalities. From this it seems apparent 
that careful medical management supple- 
mented by artificial hemodialysis may control 
the abnormalities resulting from acute renal 
failure. Because such abnormalities may be 
lethal, their control is essential. It is equally 
clear that such management is only one facet 
in the therapy of patients with posttraumatic 
renal insufficiency. Other derangements, 
either apparent or unknown, which are re- 
sponsible for the high fatality rate associated 
with this syndrome must also be sought for 
and treated. 


SUMMARY 


1. The surgical care of 24 patients with 
posttraumatic renal failure (lower nephron 
nephrosis) and of 13 seriously wounded but 
nonoliguric casualties has been discussed. 
The effects of acute renal failure were con- 
trolled by careful medical management and 
also by artificial hemodialysis. 

2. Significant infection was the most fre- 
quent complication encountered in both 
groups; the incidence was 83 per cent in the 
oliguric patients and 63 per cent in the non- 
oliguric patients. 

3. Myositis, usually of a localized type 
and probably secondary to traumatic devas- 
cularization of muscle was the most frequent 
complication found in the oliguric group. 
This could not be adequately controlled in 
6 of 15 affected patients. 

4. Other serious complications occurring 
in both groups of patients were postopera- 
tive shock and excessive wound bleeding 
after secondary débridement. 

5. The fatality rate was high in both 
groups and the mean survival time of fatal 
cases from each group not significantly dif- 
ferent. ; 

6. Renal failure was the immediate cause 
of death in only 1 of the oliguric patients. 
The principal causes of death in all of the 
fatal cases have been listed. Complicating 
infection was responsible for approximately 
45 per cent of fatalities in each group. 





7. Artificial hemodialysis was considered 
to be a lifesaving procedure in one-third of 
the patients from the present series so treated. 
The data appear to show that the renal 
component can be eliminated as a cause of 
death in patients with posttraumatic renal 
insufficiency. If the fatality rate is to be fur- 
ther improved, then other causes of death 
must also be eliminated. 

8. Severe trauma and shock were the only 
etiologic factors consistently present in pa- 
tients developing oliguria. Reaction to blood 
transfusion was not a prominent factor in the 
etiology of lower nephron nephrosis in pa- 
tients from the present series. 

9. If serious progressive surgical compli- 
cations are present, a patient with lower 
nephron nephrosis probably should not be 
transported to a specific renal treatment 
center for possible artificial hemodialysis. 

10. Complications of injury, especially in- 
fection, must be recognized early and treated 
aggressively to facilitate the control of the 
effects of renal failure. 
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SARCOMAS OF 'THE STOMACH 


GEORGE L. JORDAN, JR., M.D., F.A.C.S., BILLY F. BOLTON, M.D., 


J. GRIFFIN HEARD, M.D., F.A.C.S., and 


GEORGE W. WALDRON, M.D., F.A.C.S., Houston, Texas 


‘THE SARCOMAS are rare and interesting tu- 
mors comprising 1 to 3 per cent of all ma- 
lignant neoplasms of the stomach. Our in- 
terest in this subject was stimulated when we 
encountered 3 cases of primary lymphosar- 
coma of the stomach on the surgical wards 
of 1 hospital within 1 month. In a search for 
additional cases we reviewed the records of 
4 private hospitals (Methodist, Hermann, 
Memorial, and St. Joseph), the city-county 
hospital (Jefferson Davis), and the Veterans 
Administration Hospital of Houston, Texas, 
in addition to the private records of one of 
us (G.W.), for the 15 year period from 1939 
to 1954. Twenty-eight cases of primary sar- 
coma of the stomach were found. This re- 
port consists of an analysis of these cases and 
a survey of the literature. 

Age. The average age of patients with lym- 
phomas of the stomach is about one decade 
less than that for patients with carcinoma. 
In Snoddy’s collected series of 267 patients 
the average age was 46.6 years. Leiomyo- 
sarcomas also often occur in the younger age 
group. In our series the youngest patient with 
lymphoma was 16 and the oldest 72 years 
old. There were 5 patients less than 40 years 
of age, but the average age was 50. The 
average age for the patients with leiomyo- 
sarcoma was 60, and the 1 patient with fi- 
brosarcoma was 52. 

Sex. Gastric lymphomas occur more com- 
monly in males by a ratio of 2 or 3 males 
to 1 female. Leiomyosarcomas show no sex 
predominance. Our series consisted of 16 
males and 5 females with lymphomas, and 
there were 3 males and 3 females with leio- 
myosarcomas. The 1 patient with fibrosar- 
coma was a male. 


From the Department of Surgery, Baylor University College 
of Medicine, Houston, Texas. 
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Symptoms. Pain is the most common symp- 
tom. Often it has the characteristics of a pep- 
tic ulcer. Hemorrhage is also common, par- 
ticularly in patients with leiomyosarcomas. 

The symptoms presented by our 28 pa- 
tients are listed in Table I. The, most com- 
mon symptom was pain, which occurred in 
68 per cent of the 28 patients. In 5 patients 
it was characteristic of that seen in patients 
with peptic ulcer. Fifteen patients (53.6 per 
cent) gave a history of weight loss. Hema- 
temesis and melena occurred in 6 of the pa- 
tients with lymphoma and hematemesis or 
melena alone in 1 patient each, so that 8 of 
the 21 patients (38.1 per cent) with this tu- 
mor had gross bleeding. Three (50 per cent) 
of the patients with leiomyosarcoma had 
hematemesis and melena. Only 1 patient 
had fever. 

Eighteen of our patients had symptoms of 
less than 1 year in duration, and there were 
only 5 in which the duration of symptoms 
was more than 2 years. 

Signs. An abdominal mass is palpable in 
many patients with sarcoma of the stomach. 
Often the mass remains freely movable after 
becoming very large. The physical findings 
in our group of patients are also presented in 
Table I. ‘Tenderness was the most common 
sign but it was never marked. A mass was 
palpable in 9 (32.1 per cent). 

Laboratory data. ‘There are no diagnostic 
laboratory tests. Some observers have noted 
that patients with sarcomas do not have as 
severe an anemia as patients with carcinoma. 
Tests for gastric acidity give much the same 
values that are obtained when carcinoma is 
present. 

Roentgenographic diagnoses. Rarely is the pre- 
operative diagnosis of sarcoma made cor- 
rectly by roentgenographic examination, 
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TABLE I.—SYMPTOMS AND SIGNS NOTED IN SERIES 
OF 28 PATIENTS , 

Leiomyo- 
sarcoma sarcoma 
No. cases No. cases Total 
SYMPTOMS sla 


Fibro- 
Lymphoma 
No. cases 


we 


MERE caret fac ein ee 16 
Weight loss........ 12 
Nausea 11 
Vomiting, ......... 
Hematemesis 

Melena 
Weakness.......... 
Anorexia 
Dysphagia......... 
Abdominal distention 
Chills and fever 


19 


tS 
15 


ce 


10 
10 


— WW WD Ww 


=e NMwWUn)~ 


Abdominal tenderness 
Abdominal mass. . . . 
Liver palpable 
cS a ese a 
None 


A record of the preoperative roentgeno- 
graphic diagnosis was available in 23 of our 
cases, and these consisted of a malignant 
neoplasm in 12 cases, gastric ulcer in 5, lym- 
phoma in 1, gastritis in 1, duodenal ulcer in 
1, normal gastrointestinal tract in 1, gastric 
diverticulum in 1, and carcinoma of the co- 
lon in 1. In only 1 case was a definite diag- 
nosis of sarcoma made. In an additional 
case this possibility was suggested, but the 
most likely diagnosis was listed as carcinoma. 
In 1 instance a barium enema was the first 
diagnostic study performed, and this led to 
an erroneous diagnosis of carcinoma of the 
colon. Excluding the cases diagnosed as gas- 
tric ulcer, there were 4 patients in whom the 
roentgenologist was not suspicious of any 
malignant condition in the stomach and in 
2 of these no gastric lesion was seen. 

Gastroscopic examination. Considerable in- 
formation is available concerning the gastro- 
scopic appearance of these tumors and oc- 
casionally a correct diagnosis has been made 
in this manner. Only 2 of our patients were 
examined by this means and the correct di- 
agnosis was not made. 

Pathology. ‘There are several excellent ar- 
ticles which describe the pathology of these 
tumors in detail. When the stomach is in- 
volved in a lymphomatous process it is us- 
ually the primary site of the lesion, although 


secondary involvement in cases with gener- 
alized disease does occur. All of our cases 
were primary lesions. In general it may be 
stated that the gross appearance is similar to 
that of carcinoma. 

Many histologic types occur. Palmer col- 
lected 500 cases and reported that 42 per 
cent were lymphosarcomas, 8.8 per cent were 
reticulum cell sarcomas, 9 per cent were 
Hodgkin’s disease, 20 per cent were leio- 
myosarcomas, and 20.2 per cent were mis- 
cellaneous types including fibrosarcoma, 
neurogenic sarcoma, angiogenic sarcoma, 
and others. The microscopic diagnoses re- 
ported for our 28 cases consisted of: lympho- 
sarcoma in 14 cases, reticulum cell sarcoma 
in 6, Hodgkin’s sarcoma in 1, leiomyosar- 
coma in 6, and fibrosarcoma in 1 case. 

Treatment and prognosis. It is the general 
consensus that surgical removal is the treat- 
ment of choice. As the lymphosarcomas and 
Hodgkin’s disease are radiosensitive, surgery 
is often combined with radiotherapy, and in 
inoperable cases irradiation therapy is al- 
ways indicated, as a number of 5 year sur- 
vivals have been reported following this type 
of treatment. Reticulum cell sarcoma is less 
radiosensitive, and leiomyosarcomas are gen- 
erally conceded to be radioresistant. 

All of our patients were considered candi- 
dates for surgical exploration and some form 
of resective therapy was possible in all cases 
of leiomyosarcoma and fibrosarcoma. 

Of the patients with lymphoma 7 (33 per 
cent) were not resectable and only a biopsy 
was taken. Five of these patients were subse- 
quently treated by irradiation. In the re- 
maining 14 (67 per cent) resective therapy 
was possible and postoperative irradiation 
therapy was administered to 3 of these. There 
were 2 postoperative deaths. One of these 
was a patient who had an emergency oper- 
tion for massive gastrointestinal hemor- 
rhage. An inoperable lesion was found at the 
time of surgery, and the patient expired 2 
days later of persistent bleeding. The second 
death resulted from a coronary occlusion on 
the second postoperative day following a 
gastrectomy. 





The results of therapy are presented in 
‘Table 11. None of the patients whose lesion 
was not resected lived more than 18 months. 
Of the 13 patients with lymphomas who sur- 
vived resective surgery, 3 expired at time in- 
tervals varying from 3 to 18 months follow- 
ing surgery. The remaining 10 patients are 
alive without evidence of recurrence. 

All patients with leiomyosarcoma survived 
surgery. One has been lost to follow-up. The 
remaining 5 patients are alive without evi- 
dence of recurrence of disease. 

‘The 1 patient with fibrosarcoma died 2 
months following surgery. 

During the past 15 years several papers 
have been published in which the total num- 
ber of cases of lymphosarcoma of the stom- 
ach in the world literature have been col- 
lected and the number of 5 year survivals 
tabulated, but in no instance has a detailed 
analysis been made which would give one 
an accurate indication of prognosis. ‘The 
most recent review of the literature was re- 
ported by Snoddy in 1952. He collected 474 
cases of lymphosarcoma of the stomach and 
found 50 five year survivals. He therefore 
concluded that 5 year survival rate was 10.5 
per cent. A calculation of this type assumes 
that all of the reported cases had been diag- 
nosed 5 years or more prior to the publica- 
tion of the results of treatment. In actual 
fact most published reports include patients 
who were still living with or without dis- 
ease, but whose diagnosis was made less than 
5 years before publication, as is the case in 
the series which we are presenting. In an ef- 
fort to make a more accurate appraisal of 
this problem, we reviewed all of the litera- 
ture written in the English language in jour- 
nals readily available to us for the period 
from 1939 to 1954. We accepted the cases 
listed in the review written by Cameron and 
Breslich in 1941 as these cases are tabulated 
in enough detail to know the status of each 
patient. No collected cases by other authors 
were used, because their tabulation does not 
give the necessary information. As a result 
of this review, we collected 406 cases of lym- 
phomas of all types and 128 cases of leio- 
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TABLE II.—RESULTS OF THERAPY 
Post- 
oper- Survivals, Total 
alive Late - -years_______ No. 


Treatment deaths deaths O-1 1-2 2-3 3-4 cases 


A. LyMPHOMAS 


2 
Irradiation 5 
Subtotal gastrectomy. . . 8 
Subtotal gastrectomy 

plus irradiation 
Total gastrectomy 


B. LEIOMYOSARCOMAS 
Local excision 

Subtotal gastrectomy. . . 
Total gastrectomy 


C. FisrosARCcOMAS 
Subtotal gastrectomy. . . 0 0 


myosarcomas. The other sarcomas are so 
rare that we could not find enough cases to 
warrant an analysis. Several clinics have re- 
ported their experience more than one time 
and, therefore, we were careful to avoid tab- 
ulating any case more than once. 

There were 17 cases of lymphoma of the 
stomach in which this organ was involved 
as a secondary site, and the remaining 389 
cases were primary lymphomas of the stom- 
ach. Of the 389 there were 16 in which the 
information given in the report was insuffi- 
cient for determination of prognosis. ‘There- 
fore, there remained 373 cases of primary 
lymphoma of the stomach in which definite 
information was available. A detailed anal- 
ysis of the results of therapy is presented in 
Table III. Sixteen cases were diagnosed at 
necropsy, but surgical exploration was car- 
ried out in 357, an operability rate of 95.7 
per cent. The operative mortality was 12.6 
per cent. There were 76 cases in which only 
a biopsy was done, 48 of which were subse- 
quently treated by roentgen therapy. Most 
of the latter cases were considered to be non- 


TABLE III.—COLLECTED DATA ON LYMPHOID 
TUMORS: TREATMENT AND RESULTS 
——Deaths_— —Survivals__ 

Under Over 
Treatment Operative Late Syrs. Syrs. Total 

REC te ain c Dea sein uses 5 19 a 1 28 

Irradiation 0 27 13 8 48 

Surgery 39 56 66 a4 

Surgery plusirradiation.. 1 26 32 17 76 

Total treated cases....... 45 128 114 70 

Diagnosed at necropsy. . . 16 
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TABLE IV.—COLLECTED DATA ON LEIOMYO- 
SARCOMAS: TREATMENT AND RESULTS 
——Deaths__.__- —__Survivals_— 
Under Over 
Operative Late Syrs. Syrs. Total 
Biopsy 5 0 1 6 
Irradiation 1 1 1 3 
Surgery 18 44 25 96 
Surgery plusirradiation.. 0 6 1 0 7 
Total treated cases 30 46 2 6 ffl 
Diagnosed at necropsy. . . 7 


|. Se pt ee a eee 119 


Treatment 





resectable by the operator. There were 281 
cases in which resection by means of a sub- 
total or total gastrectomy was performed. 
This is an over-all resectability rate of 75.3 
per cent. Of the entire group there were 70 
patients who were alive 5 or more years after 
treatment and 114 were alive for varying 
periods of time up to 5 years. By excluding 
the latter patients from the calculations we 
find an over-all 5 year survival rate of 27 
per cent. A calculation of this kind assumes 
that all patients who are dead were diag- 
nosed 5 or more years before they were re- 
ported. Such is not true, but it was not al- 
ways possible to determine the time interval 
before death in relation to the date of publi- 
cation of the article. As a result, the 5 year 
survival as calculated is probably low. Of 
the patients who survived resective surgery, 
the 5 year survival rate was 42.6 per cent. 

There were 9 patients with leiomyosar- 
comas on whom information was insufficient, 
leaving a total of 119 whose fate was known. 
In 7 of these the diagnosis was made at nec- 
ropsy, and 112 were operated upon—an op- 
erability rate of 94.1 per cent. The operative 
mortality was 8 per cent. 

In 9 cases only a biopsy was done, and 3 
of these were treated by irradiation. There 
were 103 cases in whom some type of resec- 
tion (including local excision, subtotal or 


TABLE V.—COLLECTED DATA ON GASTRIC MALIG- 
NANCIES: PROGNOSIS 
Operability Resectability Five year survivals 
Diagnosis Per cent Per cent Per cent 

Lymphosarcoma 95.7 ta 27.0 
Leiomyosarcoma. ... 94.1 86.5 37.0 
Carcinoma* 20.0 1.4 
Carcinoma ¢ h 44.0 14.0 


*Guiss—1951. 
{Walters—1953. 


total gastrectomy) was performed, a resect- 
ability rate of 86.5 per cent. The over-all 5 
year survival rate was 37 per cent, and of 
the patients who survived resective therapy 
the 5 year survival rate was 51 per cent. 


DISCUSSION 


Many analyses of the clinical picture of 
sarcomas of the stomach have been pub- 
lished, and different authors have listed many 
points to aid in arriving at the correct diag- 
nosis. Despite this the fact remains that the 
diagnosis is almost invariably made by the 
pathologist rather than the clinician. We are 
of the opinion that an absolute clinical diag- 
nosis of sarcoma of the stomach cannot be 
made, but when one sees a young person 
with a large palpable mass in the epigastri- 
um who appears less emaciated than one 
would expect with a carcinoma of equal size, 
a lymphoma should be strongly considered. 

In 1951 Guiss reported a review of 2,891 
cases of carcinoma of the stomach collected 
from private and charity institutions. The 
over-all 5 year survival rate was only 1.4 per 
cent. In 1953 Walters reported the results in 
the treatment of carcinoma of the stomach 
at the Mayo Clinic showing a marked im- 
provement in the past few years, and report- 
ed a 5 year survival rate of 14 per cent. The 
analysis of cases of sarcoma shows that the 
prognosis in these tumors is much better 
than that for carcinoma. For relative prog- 
nosis the comparison should be made with 
the figures quoted by Guiss, as many of the 
patients were treated 20 to 30 years ago, and 
reports come from both private and charity 
institutions. However, the prognosis for lym- 
phoma is almost twice as good as the best 5 
year survival figures for carcinoma, and the 
prognosis for patients with leiomyosarcoma 
is even better. 

The best results in the treatment of sar- 
comas are obtained by surgical excision. The 
information available does not indicate that 
surgery plus irradiation gives a significantly 
better prognosis than surgery alone if all 
gross tumor is removed. However, if gross 
tumor is left behind, irradiation therapy 





should be employed in all patients with 
lymphomatous disease. 


SUMMARY 


A report of 28 cases of sarcoma of the 
stomach is presented. ‘Twenty-one cases were 
lymphomas, 6 were leiomyosarcomas, and 1 
was a fibrosarcoma. The clinical picture, 
laboratory findings, treatment, and results of 
therapy are analyzed. A review of the recent 
literature on this subject with a collection 
and analysis of cases indicates that the prog- 
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nosis for sarcoma of the stomach is much 
better than that for carcinoma. 
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ACUTE PANCREATITIS 


DEATH DUE TO DELAYED HEMORRHAGE IN 


CHARLES K. KIRBY, M.D., F.A.C.S., JOHN R. SENIOR, M.D., Philadelphia, Pennsylvania, 
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DwuRING THE 25 YEAR PERIOD from 1922 to 
1946, 80 patients with acute idiopathic pan- 
creatitis were treated on the surgical service 
at the Hospital of the University of Pennsyl- 
vania. A study of this series of patients dem- 
onstrated an over-all mortality of 28.8 per 
cent, including 76.2 per cent of the hemor- 
rhagic group and 11.9 per cent of the edem- 
atous group. The majority of the patients 
died in vascular collapse soon after the onset 
of the disease. The average time of death was 
5 days after admission to the hospital. Only 
2 patients died after the first week. There 
were no deaths from delayed hemorrhage.’ 

The purpose of the present report is to pre- 
sent our experience with acute pancreatitis 
since 1946. We were stimulated to make this 
review by the clinical impression that the 
course of the disease may have been some- 
what altered, perhaps by antibiotics, in re- 
cent years. Specifically, it has seemed that a 
high percentage of deaths were due to hem- 
orrhage during the past 8 years, in contrast 
to no deaths from this cause in the earlier 
series. Also, it seemed that relatively few 
deaths in recent years occurred during the 
first week, and that few were the result of 
vascular collapse. 


REVIEW OF PATIENTS 


During the 8 year period from January 1, 
1946 to December 31, 1953, 110 patients with 
acute pancreatitis were treated on the surgi- 
cal service at the Hospital of the University 
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'Howarp, J. M., and Ravotn, I. S. Acute pancreatitis; a study 
of 80 patients. Gen. Pract., Kansas City, 1948, 2: 385-395, 
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of Pennsylvania. ‘The diagnosis was made by 
the finding of a significantly elevated serum 
amylase or lipase or both, together with a 
characteristic clinical picture, by operation 
or by autopsy. 

The types of the disease have been classi- 
fied as shown in Table I. This classification 
is probably correct in every instance in the 
hemorrhagic, postoperative, and traumatic 
groups. In the hemorrhagic group, 28 of the 
30 patients were operated upon, and the di- 
agnosis was confirmed at autopsy in the other 
2. In the postoperative group, the diagnosis 
was confirmed at a secondary operation in 9 
patients and at autopsy in 3. In the other 2 
patients, there were characteristic physical 
signs of pancreatitis and the serum amylase 
was greatly elevated. In both patients with 
traumatic pancreatitis, the diagnosis was con- 
firmed at operation. In the group of patients 
classified as having acute edematous pancre- 
atitis, it is conceivable that some had hem- 
orrhagic pancreatitis since neither operation 
nor autopsy was done in one-third of them. 

The mortality (Table I) in edematous pan- 
creatitis in this series was 4.6 per cent and in 
hemorrhagic pancreatitis was 33.3 per cent. 
The corresponding figures in the earlier series 
were 11.9 per cent and 76.2 per cent. The 
mortality for all patients with acute idio- 
pathic pancreatitis (excluding the postoper- 
ative and traumatic types) was 13.8 per cent, 
a significant reduction from the earlier fig- 
ure of 28.8 per cent. 


CAUSE OF DEATH: IDIOPATHIC PANCREATITIS 


The essential facts concerning the cause of 
death are summarized in Table II. In the 





























edematous group there were only 3 deaths. 
‘wo patients died suddenly of acute coro- 
nary occlusion 5 and 9 days respectively after 
the onset of the disease. The third patient 
died of periarteritis nodosa 2 weeks after ad- 
mission, the principal immediate cause of 
death being renal failure. ‘These deaths were 
not considered to be due to pancreatitis but 
were included in the mortality figures. 

In the hemorrhagic group, 4 deaths were 
due to hemorrhage, 3 to infection, 2 to what 
we have termed “‘fulminating pancreatitis,”’ 
and 1 to hepatic insufficiency associated with 
inoperable carcinoma of the gallbladder. 

All of the patients who died of hemorrhage 
had had a cholecystostomy and drainage of 
the pancreas through the gastrohepatic liga- 
ment. Characteristically, hemorrhage ap- 
peared around the pancreatic drains between 
the second and fourth week after operation. 
Each of the patients had massive hemor- 
rhages through the abdominal wall. In ad- 
dition, 3 lost large amounts of blood through 
the mouth and per rectum. A brief abstract 
of the clinical course of 1 of these patients is 
herewith presented. 


Case Rrport. M.P. was a 67 year old white woman 
who had had a cholecystostomy for gangrene of the 
gallbladder 18 months previously. She now appeared 
to have a recurrence of acute cholecystitis of 24 hours’ 
duration. Laparotomy revealed a massive hemorrhagic 
pancreatitis. Cholecystostomy was performed and 
drains were placed near the body of the pancreas. 
For about 2 weeks postoperatively she improved but 
during the third week she became febrile, developed 
an upper abdominal mass, and sloughed part of the 
pancreas. A culture revealed Bacillus proteus and 
streptococcus. On the twenty-fourth postoperative day 
she suddenly experienced a massive hemorrhage from 
the wound, losing at least 2 liters of blood around the 
left upper quadrant drainage tube. Shock was pro- 
found. Immediate laparotomy revealed that the entire 
pancreas was necrotic. A defect about 1 centimeter in 
diameter was found in a large retroperitoneal vein. 
Ligation and packing controlled the hemorrhage. Her 
blood pressure responded after she had received 4,500 
milliliters of blood. She was continued on streptomy- 
cin, penicillin, aureomycin, and blood transfusions. 
Auricular fibrillation responded to digitalization. On 
the twenty-eighth day, 4 days after the first bleeding 
episode, she had another massive, shocking hemor- 
rhage through the wound. Repacking of the pancreatic 
bed was necessary. Four thousand five hundred milli- 
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TABLE I.—ACUTE PANCREATITIS 
(1946 THROUGH 1953) 


Disease Patients Mortality Mortality 
type No. No. Per cent 
Edematous........... 64 a 4.6 
Hemorrhagic. . . . 30 10 33.3 
Postoperative......... 14 8 57.1 
Traumatic. . . wines 2 0 00.0 


MOP onic, “21 19.1 
liters of blood were again necessary to control shock. 
She died 5 days later (thirty-third day) in hepatic fail- 
ure (coma). At autopsy it was found that the pancreas 
had undergone extensive liquefaction and was barely 
recognizable. There was erosion of the portal vein. It 
has been necessary to occlude both the portal and 
splenic veins to control hemorrhage, and this was the 
cause of hepatic failure. 


The 3 patients who died of infection had 
progressively downhill clinical courses, dying 
on the fifteenth, forty-fourth, and eighty- 
sixth days after admission, respectively. In 1 
instance there was renal failure terminally. 
At autopsy these patients had residual peri- 
tonitis and 2 had multiple liver abscesses. 
There was widespread intraperitoneal ne- 
crosis which was presumably due to the com- 
bined effect of ischemia, bacterial toxins, 
and pancreatic enzymes. 

The term “fulminating pancreatitis,” 
which we have used to describe the cause of 
death of 2 of the patients, requires qualifica- 
tion. The clinical course of these patients re- 
sembled in certain aspects that of earlier pa- 
tients who were in vascular collapse. Both 
patients appeared to be unusually ill at the 
time of admission in spite of the fact that the 
duration of symptoms had been less than 24 
hours. The blood pressure was normal 
though, and it did not fall until the patients 
were near death. Both received the best of 
supportive therapy, including antibiotics in 
large doses, blood, electrolytes, oxygen, gas- 
tric suction, splanchnic block, and analgesics. 
Both continued to deteriorate. Laparotomy 
with cholecystostomy and drainage of the 
pancreas was performed in each instance, 
operation being undertaken because of the 
obvious fatal trend of the illness and the pos- 
sibility that a fulminating acute cholecystitis 
might be present. Neither patient had acute 
cholecystitis and both died within 48 hours 
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TABLE II.—CAUSE OF DEATH IN ACUTE 
PANCREATITIS (1946 THROUGH 1953) 
—__ Type of disease- 
Cause of Ede- Hemor- Post- Fatalities 
death matous rhagic operative Total 
Secondary 
hemorrhage _— 4 7 11 52.4 
Infection : 4 19.0 
Fulminating 
pancreatitis Z 9.5 
Coronary occlusion. . - 9.5 
Periarteritis nodosa. . — - 4.8 
Hepatic failure 1 ae 4.8 
21 100 


Per cent 
of deaths 


after operation. In retrospect, it does not ap- 
pear that anything was left undone. It is pos- 
sible that death came more quickly as the 
result of operative intervention, but it is im- 
probable that the course was greatly al- 
tered. It is our belief that we do not know, 
at present, how to save patients when the 
disease takes this form. The process seemed 
truly overwhelming, but whether it involved 
a toxic component or whether there was 
some other circulatory, electrolytic, or neu- 
rologic mechanism that was so resistant to 
therapy is unknown. 


POSTOPERATIVE PANCREATITIS 


In 14 instances the onset of acute pancre- 
atitis followed an upper abdominal opera- 
tion which was considered to be the initiating 
factor. The pancreas was incised or manip- 
ulated to a significant extent in each instance. 

In 14 patients, acute pancreatitis occurred 
after the following operations: subtotal gas- 
trectomy in G cases, subtotal pancreatectomy 
in 5, cholecystectomy and biopsy of the pan- 
creas in 2, and right colectomy in 1 case. The 
reason for trauma to the pancreas is evident 
in all except the right colectomy. In this in- 
stance a large cancer of the colon had in- 
vaded the pancreas and an attempt was made 
to excise the portion of the pancreas which 
was involved. 

All of these patients had a relatively se- 
vere form of pancreatitis. The mortality (57 
per cent) was higher than in any other group 
(Table I). Seven of the patients died of hem- 
orrhage and 1 of infection (Table II). Of the 
patients who died of hemorrhage, 2 had a 
subtotal gastrectomy and 5 had a subtotal 


pancreatectomy. The patient who died of in- 
fection had had the right colectomy. 


BLEEDING IN OTHER PATIENTS 


Bleeding through the abdominal drainage 
tract, or significant hematemesis or melena, 
occurred in patients other than those who 
died of hemorrhage. In the hemorrhagic 
group there were 3 additional patients and 
in the postoperative group 2 additional pa- 
tients who bled enough to cause concern. In 
summary, therefore, 7 of 30, or nearly one- 
fourth, of the patients in the hemorrhagic 
group, and 9 of 14, or more than half, of the 
patients in the postoperative group had sig- 
nificant bleeding. This appears to be in strik- 
ing contrast to the earlier series in this hos- 
pital in which bleeding was not a problem. 


TIME OF DEATH 


Howard and Ravdin found that of the 23 
patients who died of pancreatitis in the 1922 
to 1946 series only 2 died more than 1 week 
after admission. The average time of death 
was 5 days after admission. Among the pa- 
tients who have died since 1946, the situa- 
tion is quite different. Of the 21 patients who 
died, only 3 died during the first week after 
the onset of the disease. The data concerning 
the week in which the patients died may be 
summarized briefly as follows: during the 
first week, 3 patients died; second week, 3; 
third week, 4; fourth week, 3; fifth week, 2; 
sixth week, 3; seventh week, 2; eighth week, 
1. To state this another way, 9 out of 10 pa- 
tients died during the first week after admis- 
sion from 1922 to 1946, whereas only 3 out 
of 21 patients died during the first week of 
the disease from 1946 through 1953. 


PROPHYLACTIC DRAINAGE PROCEDURES 


Experiences with severe hemorrhage, such 
as that in the patient described, led us to 
wonder whether it might be possible to alter 
the course of events which resulted in the 
erosion of large blood vessels. Study of the 
clinical records demonstrated that hemor- 
rhage was characteristically preceded by the 

evelopment of fever, usually about 14 to 21 
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days after onset of the illness. An upper ab- 
dominal mass might be demonstrable about 
this time. ‘This suggested the probability that 
the sequence of events was pancreatic necro- 
sis, secondary infection, erosion of adjacent 
blood vessels, and secondary hemorrhage. 
‘The prophylactic performance of an exten- 
sive drainage operation, which would in- 
clude removal of all residual necrotic pan- 
creas, appeared to be a possible solution. 
Such an operation was performed in 5 pa- 
tients in the hemorrhagic group and 2 pa- 
tients in the postoperative group. Three of 
these 7 patients had had minor bleeding epi- 
sodes, which were interpreted as an addi- 
tional warning that an extensive drainage 
procedure was necessary. After operation 
there was no significant bleeding in any of 
the patients and all of them lived. There is 
not proof, of course, that hemorrhage would 
have occurred if these procedures had not 
been performed. We believe, however, that 
hemorrhage was almost certainly prevented 
in at least several of these patients. This belief 
is based on the observation that these pa- 
tients had a clinical course very similar to 
those who bled. In addition, there was such 
extensive necrosis, and there appeared to be 
such clear-cut evidence of a similar, erosive 
type of process, that hemorrhage seemed in- 
evitable if drainage had not been provided. 
The abstract of a typical example is here- 
with presented. 


Case Report. V. S. was a 24 year old white man 
who developed acute, hemorrhagic pancreatitis after 
a prolonged period of drinking. A cholecystostomy 
was performed and pancreatic drains were inserted. 
The clinical course was uneventful for about 2 weeks. 
His temperature then began to rise and a mass became 
palpable in the left upper quadrant. Because of pre- 
vious experiences with hemorrhage in other patients, 
a prophylactic drainage procedure was carried out on 
the twenty-second day after cholecystostomy. The re- 
gion of the pancreas was exposed retroperitoneally 
through a left lumbar incision. A large hematoma was 
first encountered, indicating that localized hemor- 
rhage had already occurred. Almost the entire pan- 
creas was necrotic. Portions of it were still adherent 
by fibrous strands, but it was not difficult to remove 
the entire necrotic mass manually. A large drainage 
tract was established, being held open with multiple 


drains. The patient improved slowly, the temperature 
returning to normal in about a week. Drainage was 
profuse at first, and gradually subsided over a period 
of several weeks. The patient has remained well since. 
Recent studies indicate that he has had functionally, 
if not anatomically, a complete pancreatectomy. 


DISCUSSION 


It is evident that acute pancreatitis has 
presented quite a different problem during 
the past 8 years than during the preceding 
25 years. In the earlier series nearly all of the 
patients who were not destined to recover 
succumbed during the first week. Apparent- 
ly those with severe degrees of pancreatic 
necrosis died before there was an opportun- 
ity for the development of the conditions 
which led to hemorrhage and sepsis, the 
principal causes of death in this series. 

Death due to hemorrhage has been men- 
tioned by others who have reported large 
series of patients with pancreatitis or who 
have written about the complications of 
pancreatitis. Delayed hemorrhage was not a 
common cause of death in any of the earlier 
series and has not been the most common 
cause of death in any other series. We hope 
that our experience is not necessarily that 
which may be anticipated by others. In any 
event, it seems worthwhile to call attention 
to our high incidence of hemorrhage, and to 
the possibility that it might be prevented by 
performing an extensive enough drainage 
operation to remove the source of the ero- 
sive fluids which may eventually cause dis- 
solution of the walls of large blood vessels. 

Since secondary hemorrhage has been 
the chief cause of death since 1946, account- 
ing for approximately 50 per cent of the 
mortality since antibiotics became avail- 
able, it is believed that antibiotics now pre- 
vent early deaths from infection and that 
secondary hemorrhage is a result of necrosis 
and abscess formation. It is probable that 
pancreatic necrosis severe enough to pro- 
duce this complication resulted in early 
death before the development of the present 
day supportive measures. 

Pancreatitis due to operative manipula- 
tion has been the most lethal type of the 
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disease and has been accompanied by the 
highest incidence of delayed hemorrhage. 
The increasing frequency of this form of the 
disease is undoubtedly due partially to the 
more frequent performance of extensive 
operative procedures, but the use of anti- 
biotic agents must also be a contributory 
factor. It seems likely that mild forms of 
postoperative pancreatitis, following pro- 
cedures such as subtotal gastrectomy, have 
not been diagnosed, and that the mortality 
rate would be somewhat lower if all cases 
were recognized. 


CONCLUSIONS 


1. One hundred and ten patients with 
acute pancreatitis treated on the surgical 
service at the Hospital of the University of 
Pennsylvania from 1946 through 1953 have 
been reviewed. This series has been com- 
pared with the 80 patients treated during 
the preceding 25 year period. 

2. The mortality of the idiopathic type of 
pancreatitis was 28.8 per cent in the earlier 
series and 13.8 per cent in the present 
series. The mortality of acute hemorrhagic 
pancreatitis decreased from 76.2 to 33.3 per 
cent and of acute edematous pancreatitis 
from 11.9 to 4.6 per cent. 


3. The highest mortality rate, 57.1 per 
cent, was in patients with postoperative 
pancreatitis, i.e., in those in whom trauma 
to the pancreas was the initiating factor. 
Mild forms of postoperative pancreatitis 
were undoubtedly not diagnosed. 

4. Hemorrhage was the most common 
cause of death (52 per cent). This was in 
striking contrast to the earlier series, in 
which no deaths resulted from hemorrhage. 

5. Including patients with nonfatal hem- 
orrhage, there was significant bleeding from 
an abdominal wound or from the gastro- 
intestinal tract in nearly one-fourth of the 
patients with hemorrhagic pancreatitis and 
more than one-half of the patients with 
postoperative pancreatitis. 

6. It is probable that hemorrhage and 
death may be prevented in some instances 
by providing extensive drainage when a 
large tender mass and fever develop sec- 
ondarily in patients with acute hemorrhagic 
pancreatitis. 

7. In the 1922 to 1946 series, 90 per cent 
of the fatalities occurred during the first 
week after admission, usually of vascular 
collapse. In the present series, only 14 per 
cent of the fatalities occurred during the 
first week. 





SMEARS IN THE DETECTION OF PRECLINICAL 
CARCINOMA OF THE UTERINE CERVIX: FURTHER 
STUDIES WITH EMPHASIS ON THE SIGNIFICANCE OF 
THE NEGATIVE “REPEATS” 


DAVID C. DAHLIN, M.D., LAWRENCE M. RANDALL, M.D., 
EDWARD H. SOULE, M.D., and MALCOLM B. DOCKERTY, M.D., Rochester, Minnesota 


CARCINOMA IN SITU of the cervix is becoming 
more generally recognized as a truly signifi- 
cant lesion with a growing weight of evidence 
indicating that it is often, if not always, the 
forerunner of an infiltrating cervical malig- 
nant lesion. It is not our purpose to dwell on 
this as yet unsettled issue. However, it seems 
obvious that nobody who affirms that pre- 
clinical carcinoma of the cervix is inconse- 
quential should engage in a gynecologic cy- 
tology program for cancer detection. Cervi- 
cal carcinoma in its clinically obvious stages 
requires conventional biopsy methods for 
diagnosis. It is doubtful, however, that 
enough asymptomatic carcinomas of the 
fundus uteri can be detected by cytologic 
means to justify the time and expense 
which would be involved. 

We have attempted to formulate a practi- 
cal program for the detection of preclinical 
uterine cancer. Our methods and results in 
screening 30,310 women will be discussed. In 
approximately the first one-fourth of this 
series smears were made at the discretion of 
the gynecologist but in the past 2 years they 
have become routine. Repeat smears in 
women who had had a previous negative 
smear, at least 3 months and averaging about 
1 year previously, have been done in 3,025 
instances. 

The age distribution of the women 
screened is indicated in Table I. ‘This tabula- 
tion was prepared from the analysis of the 


From the Sections of Surgical Pathology and of Obstetrics and 
+ Sees Mayo Clinic and Mayo Foundation, Rochester, 
Aiinnesota, 


463 


ages of a random sample of 494 of the total 
of 30,310 cases.! 


METHODS 


A cervical smear is prepared routinely 
from scrapings of the portio vaginalis and, so 
far as possible, from the endocervix of each 
new patient seen by a gynecologic consult- 
ant. The smear is fixed immediately in 95 per 
cent ethanol and stained with hematoxylin 
and eosin. With the aid of a mechanical 
stage, the stained slide is examined by a 
trained technician who marks suspicious or 
malignant cells. A pathologist, trained in 
cytology, analyzes the marked slides. He also 
checks the unmarked smears with a view to 
deciding whether the specimen is adequate 
and to spot-check the technician scanners. 
Unsatisfactory smears (5 to 10 per cent of the 
total) are deleted from the series unless fol- 
lowed by one containing an adequate sample 
of epithelial cells. 

The smear is reported in one of five groups 
varying from negative (group 1) to malig- 
nant cells present (group 5). The probably 
benign, suspicious, and probably malignant 
are groups 2, 3, and 4, respectively. In all but 
the negatives, we believe that the problem is 
solved only when we have determined the 
source or nature of the atypical cells. ‘To this 
end, tissue from the squamocolumnar junc- 
tional zone must be delivered to the patholo- 
gist. Multiple punch biopsy specimens ob- 


1The cases were obtained by taking the first and second smears 
on each day during the first part of 1951, 1952, and 1953. The 
sample is then a stratified random sample of the total series . 
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TABLE I.—AGE DISTRIBUTION OF WOMEN 
SCREENED ; 


Age, years Per cent 


0.6 
14.0 
28.0 
26.7 
19.8 

25 

1.0 

0.4 

100.0 


43.6 years 


Data compiled from a random sample of 494 of the 30,310 
patients. 


tained in the office or a surgical conized 
specimen from the area of the external os 
have usually provided the answer. Curet- 
tings from the endocervix or endometrium 
have been necessary only rarely to solve the 
problem. 


RESULTS 

Only those cases in which the gynecolo- 
gist’s clinical diagnosis was that of a benign 
lesion or a normal cervix are included in 
these statistics. To the end of 1953, 30,310 
such cases were screened. The incidence of 
detection of preclinical carcinomas (pickups) 
is shown in Table II. By a “smear and biopsy 
pickup” is meant a preclinical carcinoma, 
the presence of which is revealed in both 
smear and biopsies taken the same day. 
These are included in the statistics for the ob- 
vious reason that they would have been 
found regardless of whether biopsy had been 
taken initially and, hence, reflect the efficien- 
cy of the cervical smear. ‘‘Smear pickups’ are 
those cases in which biopsy was performed 
because of abnormal smear findings. Our 
over-all pickup rate has been consistent and 
has averaged 0.89 per cent. 

Of the 270 malignant lesions discovered 
267 were squamous cell carcinomas of the 
cervix. Two were adenocarcinomas of the en- 
docervix, and only 1 was an endometrial 
cancer. It should be remembered that pa- 
tients with symptomatic or clinically obvious 
carcinoma of the fundus have been deleted 
from the series. Ninety per cent of squamous 
carcinomas were in situ. Ten per cent of the 


smear pickups and 10 per cent of the smear 
and biopsy pickups were judged to be defi- 
nitely infiltrating the cervical stroma. 

The age distribution of the patients who 
had preclinical carcinomas is shown in Table 
III. Although the group of infiltrating squa- 
mous cell carcinomas is small, the average 
age of the patients was 7.6 years greater than 
that of the patients having in situ lesions. 

The results as compared with the grouping 
of the original smears are shown in Table 
IV. We selected the last 2 years for this 
analysis because our methods had become 
standardized. Patients in the unexplained 
column are those who have had inadequate 
biopsies or who have gone elsewhere so that 
we have not learned of the outcome. In the 
inadequate biopsy group are cases in which 
part or all of the junctional zone had been 
destroyed by dilatation and curettage prior 
to conizing biopsy or by cautery “‘to control 
bleeding” after punch biopsies that did not 
contain abnormal epithelium had been tak- 
en. Obviously, some false positive and false 
suspicious cases are concealed in this column, 
as are some preclinical carcinomas that have 
been destroyed in the attempt to find them. 
False negative reports were rendered in 5 
instances in this series as proved by subse- 
quent biopsies. 

The carcinoma detection rate in women 
who had previously had anegative smear’ 
was less than one-fifth that in the original 
series. In the original series of 30,310, carci- 
nomas were found in 270, that is, in 8.9 cases 
per thousand. In the repeat series of 3,025 
cases, carcinomas were found in 5, that is 1.7 
cases per thousand. Unfortunately, 2 of the 5 
carcinomas in the repeat series were clinical- 
ly obvious stage I and stage III lesions 
respectively. 


COMMENT 


Cervical scrapings were used in this series 
rather than vaginal pool aspirations. As 
would be expected, it has been shown that 
vaginal pool secretions are less accurate than 
scrapings of the squamocolumnar junctional 
zone for detecting preclinical cervical malig- 





Dahlin ef al.: SMEARS IN DETECTION OF CARCINOMA OF UTERINE CERVIX 465 


nant lesions. We have employed either the 
Ayre spatula or cotton applicator sticks to 
procure the scrapings. Anderson and co- 
workers have outlined reasons similar to ours 
indicating the futility of attempting to detect 
adenocarcinoma of the fundus by the smear 
technique. These reasons include the difficul- 
ty of cytodetection of fundal lesions and the 
fact that such lesions ordinarily produce sug- 
gestive symptoms leading to microscopic 
examination of curettings of endometrium. 

We began to make only 1 slide in each 
case as a result of a pilot study of more than 
100 women with clinical and preclinical cer- 
vical cancer. In each case we had at least 2 
slides and found that all contained atypical 
or positive cells. We reasoned that we could 
nearly double the number of cases screened 
if we examined only 1 smear from each. 

A pathologist trained in ordinary tissue 
techniques must devote a _ considerable 
amount of time to cytologic study before be- 
coming proficient. We believe that proficien- 
cy is best attained by critical comparison of 
suspicious and positive smears with the cor- 
responding biopsies. 

Properly trained technician scanners also 
stain the smears and take care of the secre- 
tarial work and filing. Two technicians have 
been able to handle 10,000 cases per year 
comfortably. 

We again agree with Anderson and co- 
workers that finding early cancer is more 
important than achieving some shining goal 
based on percentage accuracy in reports ren- 
dered. The result is identical whether a can- 
cer is detected as the consequence of a ‘‘sus- 
picious” or a “positive” smear report. It 
should be remembered, however, that diag- 
nostic procedures resulting from false sus- 
picious reports must be charged against the 
screening program. Experience teaches the 
cytologist to ask for a minimum of “‘unneces- 
sary” biopsies. Graham has observed that 
when the cytologist alters his criteria in the 
direction of calling “‘malignant,” cells with 
minor variations, the end result is a sharp 
increase in the number of false’ positives. 
Conversely when he insists on tabulating as 


TABLE II.—PRECLINICAL CARCINOMAS DISCOV- 
ERED BY CERVICAL SMEARS 
———————— -_ 
Smear and Rate per 
Period Cases biopsy Total 1,000 


1948-1951 


Smear 


67 34 «101 = 8.6 

58 20 78 8.8 

70 (21 1 «9.4 

195 75 270 89 
positive only those smears which are mani- 
festly malignant he will be faced with the 
more frightening specter of the false nega- 
tives. One should, of course, strive for a 
minimal number of false positive and false 
negative reports. The latter are particularly 
disconcerting, and it is unfortunately impos- 
sible to erase them completely. False nega- 
tives come about in three ways: (1) Malig- 
nant cells may be absent because of improper 
smear preparation or because of an inacces- 
sible location of the malignant lesion (for ex- 
ample, endocervical). (2) Carcinoma cells in 
the smear may be overlooked. (3) Abnormal 
cells may be misinterpreted. One might well 
remember, too, that positive smears in clini- 
cal cancers where a biopsy must be done are 
of value only for cytologic teaching purposes. 
The proper method of procuring speci- 
mens from a patient whose smear contains 
malignant cells has been carefully outlined 
by Latour. It is obvious that even cervical 
dilatation may so distort a surface cancer 
which may measure only 1 millimeter in 
diameter as to make its later recognition im- 
possible. Nearly 100 per cent of squamous 
carcinomas of the cervix arise at the squamo- 
columnar junctional zone, which may be at 
the external os, on the portio, or in the endo- 
cervical canal. Lugol’ssolution, which darkly 
stains normal cervical squamous epithelium, 
is of value in locating this zone. A cone of 
tissue which includes the entire circumfer- 
ence of this junction will provide the pathol- 
ogist with about a dozen blocks for sections 
and nearly always solves the problem. Endo- 
cervical and endometrial scrapings should be 
procured only after biopsy of the cervix has 
been done. If office biopsies of the cervix are 
performed in the problem case they, like- 
wise, should include tissue samples from the 
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TABLE III.—AGE DISTRIBUTION OF PATIENTS HAV- 
ING PRECLINICAL CARCINOMAS 


Age, Squamous Infiltrating 
pears carcinomain situ squamous carcinoma Adenoc arcinoma 


1 0 0 

24 0 0 

83 4 

78 9 

41 6 

15 4 

1 1 

a 24 

Average age, yrs. 42.1 49.7 52.0 
entire junctional zone. The use of office 
cautery should be banned in these instances 
until the pathologist is satisfied that he has 
discovered the histologic counterpart of the 
positive or suspicious smear. 

Our detection rate of preclinical carcino- 
ma of the cervix has been 0.89 per cent. A 
number of other cytologic programs have 
uncovered a similar percentage. Is this rate 
reasonable and consistent with the concept 
that preinvasive carcinomas ordinarily infil- 
trate later? For the following reasons we 
believe that it is. 

The average age of the 243 patients who 
had carcinoma in situ in this series was 42.1 
years, whereas that for the 24 patients who 
had preclinical infiltrating carcinoma was 
49.7 years. The average age in several series 
of carcinoma in situ in the literature has been 
slightly less than 40 years, whereas clinical 
cervical malignant lesions are found nearly a 
decade later. Dunn has made the logical 
point that the average carcinoma in situ 
should be at the midpoint in its slow evolu- 
tion when it is discovered. ‘This is especially 
probable since the lesion produces no symp- 
toms and its discovery is largely a matter of 
chance. It is reasonable, then, to suggest that 
the actual duration of carcinoma in situ from 
the time it is diagnosable until it infiltrates 
may be upward of 15 years. 


TABLE IV.—INITIAL SMEAR RESULTS BY GROUPS, 
1952 AND 1953 
Carcinoma False positive 
Group No. found or suspicious Unexplained 
42 69 2 1 
62 52 7 3 
86 45 25 16 
9 3 > 1 
18,343 5 _ ~ 


April 1955 


Let us apply this reasoning. Taylor gave 
the incidence of appearance of clinical cervi- 
cal carcinoma in New York state at 32 per 
100,000 women a year. In women more than 
40 years of age this incidence was 63 per 
100,000 a year. ‘Taylor, suggesting a 5 year 
duration for carcinoma in situ, allowed a 
maximal reasonable pickup rate of 5 times 63 
or approximately 300 per 100,000 if carcino- 
ma in situ is really the early phase of an ob- 
vious malignant lesion. He concluded that 
detection rates for carcinoma in situ of more 
than 300 per 100,000 or 0.3 per cent are out 
of line and indicate that some cytologists are 
picking up a certain percentage of lesions 
that are not true cancer. If we employ the 
data from the preceding paragraph which 
indicate that cervical carcinoma remains in 
situ 15 or more years on the average rather 
than 5 years, then a pickup rate of 0.89 per 
cent is not only reasonable but to be expect- 
ed. Those who play the game of comparative 
statistics should also be aware that a certain, 
as yet undetermined, number of women die 
for some other reason before their carcino- 
mas in situ infiltrate. 

The fact that a marked decrease (from 
0.89 to 0.17 per cent) in pickup rate occurred 
in the repeat smear group is further evidence 
that the lesions we uncovered were signifi- 
cant. Scapier, Day, and Durfee have similar- 
ly observed a decreased detection rate in re- . 
peat examinations but failed to elucidate the 
exact role played by smears in their series. 
We believe that an inconsequential epithelial 
change might well occur with the same fre- 
quency in patients who had once been 
screened for cancer as in patients who had 
not. Review of the “negative’’ smears in the 5 
carcinomas found in the repeat group re- 
vealed that we had misinterpreted atypical 
cells (cells our scanners had marked) in 2 of 
them. Making allowance for these 2 cases the 
corrected pickup rate on repeat smears is 
actually 1 per 1,000. These 3,025 repeat 
smears were seen at an average of about a 
year after the original negative smear, so one 
might expect some malignant lesions to 
have appeared even if our first screening 
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ere perfect. It is obvious, furthermore, 
iat the cytologist may not detect evidence 
even a well developed squamous carci- 
ma, especially one arising in the endo- 
rvix. 
Carcinoma in situ of the cervix is, for 
actical purposes, invisible. Despite a keen 
erest in preclinical carcinoma on the part 
our gynecologists, 10 per cent of our smear 
‘kups were infiltrating malignant lesions. 
our experience, the fact that cervical] 
ypsy seemed indicated to the examining 
necologist increased only slightly the 
ance of the patient’s having an intra- 
ithelial malignant lesion. In 1953, office 
‘cimens for biopsy were removed from 
thtly more than 2,000 cervices, the gross 
gnosis on which was some benign condi- 
n such as erosion. ‘Twenty-two preclinical 
ilignant lesions were discovered in this 
ner, a rate of 1.1 per cent, only a trifle 
‘ater than the 0.94 per cent rate for the 
tire screening series of 9,710 cases studied 
it year. It is noteworthy, too, that Younge 
d associates could obtain only a 1.2 per 
nt yield even with the aid of the Schiller 
t before biopsy. 
Another problem is whether biopsy or 
‘near is more efficient in detecting an early 
ialignant lesion. We believe the procedures 
are complementary. Smears are simpler than 
lhiopsy from the gynecologist’s and the pa- 
\ient’s standpoint. They are more trouble- 
some and time-consuming to the pathologist, 
lnut these problems decrease as the cytologist 
and his scanners gain experience. ‘The rela- 
tive accuracy of the two techniques is difficult 
to evaluate from our figures. In this entire 
series of proved carcinomas were 10 exam- 
ples of negative biopsies taken the same day 
with a smear that revealed suspicious or ma- 
lignant cells. In 10 other cases one or more 
biopsies, taken as the result of suspicious or 
positive smear findings, were negative before 
the carcinomatous tissue was procured. Dur- 
ing the same time false negative smear re- 
ports were rendered in 9 patients whose biop- 
sy specimens revealed malignant tissue. The 


comparison is invalid because smears were 
made from nearly 5 times as many patients 
as were biopsied, lessening the chance for de- 
tecting error in the smear group. On the basis 
of our 1953 statistics when 2,000 office biop- 
sies of the cervix revealed 22 preclinical car- 
cinomas, in only 1 of which the cervical 
smear was negative, one might state that 
2,000 biopsies were performed to detect 1 
malignant lesion that would otherwise have 
been missed. 


CONCLUSIONS 


1. Acceptance of the concept of carcinoma 
in situ of the cervix is essential toany program 
of detecting these early lesions by the smear- 
screening technique. 

2. A properly prepared smear of material 
scraped from the squamocolumnar junction- 
al zone will detect these early, invisible ma- 
lignant lesions in the vast majority of cases. 
Nearly 1 per cent of otherwise normal 
women will have positive smears. 

3. The remaining 99 per cent when subse- 
quently studied by the cytologic smear 
technique give positive findings in a marked- 
ly reduced incidence (0.17 per cent). This 
observation is adduced as important evi- 
dence that the lesions discovered were in fact 
significant. 
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WARREN O. NICKEL, M.D., Detroit, Michigan 


EXTENSIVE DECUBITUS LESIONS occurring in 
paraplegic patients present a considerable 
problem in management. Such lesions are 
produced by pressure necrosis and subse- 
quent infection of the skin and superficial 
fascia in areas in which these tissues are 
interposed between bony prominences of the 
body itself and the surfaces upon which the 
body rests. Once initiated these ulcerations 
almost invariably become chronic. ‘They are 
connected by sloughing areas of infection, 
granulations with little tendency toward 
spontaneous healing, and an inclination to- 
ward extension that is gradual but relent- 
less. Once healed there is distinct proclivity 
toward recurrence. 

The usual conservative means of treat- 
ment applied, such as cleansing and stimu- 
lating the granulating areas, and periodic 
dressings with various solutions, powders, 
and ungents, are usually useless for the pro- 
duction of satisfactory permanent healing. 
For this reason more radical definitive meas- 
ures are indicated and frequently attempted. 
All of these methods are directed toward 
effecting a permanent coverage of the decu- 
bitus area with transposed normal skin. 
This objective may be extremely difficult of 
accomplishment because of the general nu- 
tritional status of the patient and the local 
condition of the decubitus ulcer itself. In 
many instances the patient has anemia, hypo- 
proteinemia, and vitamin deficiency which 
would seriously impede tissue union under 
the most favorable local conditions but in 


addition the decubitus lesions are frequently 
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DEFINITIVE TREATMENT OF DECUBITUS ULCERS IN 
PARAPLEGIC PATIENTS BY COVERAGE WITH 
TRANSPOSITION BILOBED FLAP GRAFTS 


ROBERT T. CROWLEY, M.D., F.A.C.S., New York, New York, and 


in a most unhealthy state because of chronic 
infection and thin and poorly vascularized 
granulations. Because of these untoward 
factors, failures in adequate permanent 
healing by any means of coverage attempted 
are apt to be frequent. ‘Those more com- 
monly employed are: ~ 

1. Secondary closure in which the edges 
of the lesion are undermined and skin mar- 
gins so mobilized are sutured over the areas 
of the lesion. This technique of coverage is 
rarely successful because of poor vascular- 
ization at the line of approximation, the 
position of that line directly over the lesion, 
and tension on the sutured tissue. 

2. Split thickness grafts. Although split 
thickness grafts applied to the decubitus 
area may frequently adhere and remain 
viable, the transposed epithelium is so thin 
and attenuated over the surface of the lesion 
that it does not withstand the pressure stress ° 
put upon it after healing. On this account 
breakdown and recurrence with split thick- 
ness coverages are frequent. 

3. Full thickness skin grafts. Full thickness 
skin grafts provide a considerably thicker 
and more durable coverage for decubitus 
areas than those of the split thickness va- 
riety. Unfortunately, they require a highly 
vascular base of active granulations for ad- 
herence and viability. The granulating 
bases of most decubitus lesions encountered 
are too extensive and too poorly vascular- 
ized to attempt their use. 

4. Pinch grafts. In most instances pinch 
grafts will become adherent and _ viable 
upon even poorly vascularized and exten- 
sive decubitus granulations. The difficulty 
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Fic. 1. Diagram of procedure for measurement and outline of flap. Compare with Figure 3. 
Fic. 2. Diagram showing raising and transposition of flaps. Compare with Figure 4, a and b. 


1 their employment lies in the fact that the 
‘condary epithelialization formed about 
ic individual grafts is irregular, uneven, 
nd thin so that breakdown under ordinary 
ressure stress and tension is likely. 

5. Pedicle flap grafts. In our opinion and 

‘perience, coverage of decubitus areas can 
est be accomplished by means of properly 
xecuted pedicle flap grafts. These are con- 
tructed to include the full thickness of the 
kin and the underlying superficial fascia. 
Coverage by *his method possesses the fol- 
lowing advantages conducive to adequate 
ind permanent healing: (a) Such grafts 
‘arry their own blood supply and are not, 
therefore, wholly dependent upon the gran- 
ulating base of the decubitus lesion for ad- 
herence and viability. (b) They can be so 
constructed that there is little or no tension 
of the tissue at the lines of approximation. 
(c) They can be so formed that there is a 
minimum of scar resting over the bony 
prominences or over the decubitus lesion 
itself. (d) They can be made of sufficient 
depth to cover bony prominences without a 
thick layer of protective tissue. (e) They can 
be made to conform to decubitus lesions of 
almost any dimension. 

In brief then, adequate vascularity, suffi- 
cient thickness, absence of tension on the 
suture line and minimal scarring over the 
lesion are essentials for satisfactory and per- 





manent coverage of these lesions by pedicle 
flap graft. To achieve these essentials we 
have utilized bilobed full thickness trans- 
position skin flaps. The method employed is 
a modification of that originally developed 
and utilized by Zimany with remarkable 
success in the plastic restoration of defects 
created by extensive excision of neoplasms 
about the head, neck, face, and elsewhere. 
So far as we are aware the use of the Zimany 
bilobed transposition flap has not been ap- 
plied to the definitive treatment of decubitus 
lesions. 

Prior to the actual surgical procedure, 
considerable preoperative consideration is 
given to the patient’s general nutritional 
status. The hemoglobin, serum protein, and 
vitamin levels receive particular attention 
and are brought to optimum levels by ap- 
propriate treatment. Every effort is made to 
eliminate all foci of infection. 

The subsequent description concerns a 
technique employed for coverage of the de- 
fect which has been employed by the authors 
and has resulted in excellent healing in 28 
cases. 

The operative site and wide surrounding 
area is prepared in the usual manner with 
copious lavage of sterilizing detergents and 
water following which the decubitus area is 
covered with gauze and the field widely 
draped. 
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Fic. 3. Photograph of procedure outlined in Figure 1. 


The initial step is a complete excision of 
wound margins down to clean normal tissue. 
Excessive bony prominences and exostoses 
are removed when it is deemed necessary. 
The granulations are curetted to present a 
uniform gently oozing surface. The flaps are 
then constructed using as a base for their 
dimensions the dimension of the lesion to be 
covered. This is done in the following man- 
ner with slight modifications according to 
the size and nature of the lesion and the 
condition of the skin surrounding it. The 
lesion is bisected by imaginary lines in its 
longitudinal and transverse dimensions (Fig. 
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Fic. 4. Photograph of procedure outlined in Figure 2, a and b. 





1, lines OH and AB). The diameter of the 
lesion in its greatest width is used as a unit 
of measurement (Fig. 1, line AOB). A se- 
lection is made of the most suitable quad- 
rant formed by the intersecting lines for the 
formation of the flap. A line (Fig. 1, O-G) 
is then drawn from the intersection of the 
lines at the center of the lesion extending 
through this quadrant equidistant from 
both the longitudinal and transverse lines. 
Along this diagonal line (OG) the width of 
the first flap is laid off. This width (line KD) 
equals the diameter of the lesion at its widest 
point (line AOB). This is taken from the 
point of juncture of the diagonal line (OG) 
and the periphery of the lesion (point K). 
The diameter (AOB) is laid off again at the 
juncture of the horizontal line bisecting the 
lesion with the periphery of the lesion itself 
(point B). The first flap is demarcated on 
the skin between these 3 points (D, C, A). 
The second flap is then laid off in a similar 
manner along the diagonal line (OK DEG) 
again using the diameter AOB as the unit of 
measurement. Thus line DG, the base of the 
second flap, and line EF, its length, are 
equal to the length and base of the first flap 
since all measurements are based on the 
diameter of the lesion AOB. This second 
flap is similarly delineated on the skin. A 
line extending from the furthermost ex- 

















remity of the point of juncture of the base 
if the second flap with the diagonal line of 
he quadrant, point G, is extended to the 
ongitudinal line, point H, and this line GH 
demarcated on the skin. The bilobed and 
pedicle flaps are then cut according to the 
demarcations made. The depth of the flap 
includes all layers of the skin and superficial 
fascia. Both flaps and pedicle JACDFGH 
including these thicknesses are completely 
undermined to the base which is formed by 
the longitudinal line J/JH. The first flap, 
designated as 2, is then carefully sutured 
over the defect, designated as 7, so as com- 
pletely to cover the latter with no tension 
whatsoever (Figs. 2a and 4). The second 
Hap, designated as 3, is then brought into 
the site formerly occupied by the first flap 
and sutured carefully into position (Figs. 
2a and 4). This leaves an open area shown 
by stippling in Figure 2a which was pre- 
viously occupied by the second flap, this 
area being in a lateral position where the 
skin is extremely mobile. The margins of 
this area may be closed with little or no 
tension whatsoever by suitable sutures (Figs. 
2b and 4). The lesion and the spaces occu- 
pied by the flaps are now completely cov- 
ered with normal skin and superficial fascia 
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Fic. 5. Showing original lesion and end result of a typical case. 


under no tension (Figs. 2b and 4). The vas- 
cular supply is adequate and there is mini- 
mal scar over the covered surface of the 
lesion itself. Firm pressure dressings are ap- 
plied in the form of dry fine mesh gauze 
reinforced by evenly distributed mechanics’ 
waste and elastic bandage compression. An 
illustration of the effectiveness of the above 
procedure is shown in Figure 5. 

General postoperative measures consist of 
placing the patient on adequate antibiotic 
therapy consisting of 400,000 units of peni- 
cillin daily together with streptomycin to- 
taling 1 gram in divided doses per day. 
Additional measures consist of vitamin sup- 
plement and high caloric diet. The patient’s 
general condition is carefully observed and 
if no temperature elevation or other signs of 
infection are observed, the dressings are 
not changed until after 4 to 5 days have 
elapsed. 

Several miscellaneous features concerned 
with the procedure are worthy of note. In 
selecting the site for the flap the skin areas 
should be free from previous scarring or 
cutaneous infection for obvious reasons. 
During the procedure a minimum of suture 
material should be used in controlling hem- 
orrhage. In most instances, hemorrhage can 








be adequately controlled by pressure alone. 
In the postoperative period the patient 
should be maintained in such a position that 
there is no pressure exerted on the operative 
area. This usually requires that the patient 
be maintained in a prone position until the 
flaps have become adherent and the mar- 
gins healed. Once adherence and healing 
have occurred, the patient may then resume 
the normal routine of turning with weight 
resting periodically on the area previously 
occupied by the lesion. Sutures are removed 
on the seventh or eighth day according to 
the nature of the union. It should be empha- 
sized that after healing, the usual measures 
must be continuously observed in order to 
prevent recurrence of the lesion. This is 
true for the obvious reason that successful 
coverage of such lesions does not preclude 
their recurrence if the proper precautions 
are not observed. 
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SUMMARY 
Decubitus lesions in paraplegic patients 
frequently present difficult problems in man- 
agement. Conservative methods of treat- 
ment may halt the progress of the lesion but 
are not effective in producing adequate per- 
manent healing. Definitive treatment con- 
sists in coverage of the lesion with normal 
tissue of adequate dimension. Requirements 
for satisfactory permanent healing in cover- 
age of such lesions are adequate vasculariza- 
tion of the tissue, absence of infection, 
absence of tension at the line of approxima- 
tion, and minimal scar over the covered area 
of the lesion. ‘These requirements can be ful- 
filled by the use of properly constructed 
bilobed pedicle flap grafts, a procedure for 
construction of which is described. 
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IHOLECYSTOGRAPHY 


THE USE OF THE FAT-RICH MEAL IN 


ESTER R. WHITAKER, M.D., F.A.C.S., Portsmouth, New Hampshire 


HIRTY YEARS AGO, Evarts Graham and his 
ssociates (3-5) discovered the principle of 
iolecystography by the use of halogenated 
ienolphthaleins, and thereby gave the 
edical profession one of its most valuable 
agnostic procedures, as well as an effec- 
ve means for investigation of the physiol- 

‘y of the gallbladder in animals and man. 

During the testing of sodium tetraiodo- 

.enolphthalein as a medium, the author 

id his co-workers found that fat-rich foods 

‘used a pronounced diminution in the size 

the gallbladder shadow in man which in- 

icated emptying of its contents (8, 9, 10, 

), 20). Whether this emptying was pro- 

uced by passage of its bile into the common 

uct, or by increased absorption through its 

\ucosa, remained for further investigation 

y a different method (11). But, thereafter 

t the Peter Bent Brigham Hospital, a fat- 

ich meal was given as soon as the first good 
shadow of the gallbladder was obtained as a 
‘est of its contractile function. The kind of 

od did not matter, and does not today, as 
long as it is rich in fat. This adjunct to the 
(est is now generally used in cholecystog- 
raphy. Discussion of ways and means of 
using it most effectively is the object of this 
article. 

The original meal of hot chocolate with 
heavy cream and heavily buttered toast 
can be given for the test; or a meal later 
suggested by Boyden, of egg yolks and 
cream; or a meal I often use now, which 
gives sustained action, of bacon and soft 
fried eggs, buttered toast, and coffee with 
heavy cream. There is no other food which 
will produce as effective emptying of the 
gallbladder as fat (6), and there is no 
known drug which will produce anywhere 
near a like-effect (1). 
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It is the musculature in the wall of the 
gallbladder itself which, by its contraction, 
produces a pressure and thereby evacuates 
its contents. It has been shown in laboratory 
animals, presumably with mechanisms simi- 
lar to those in man, that the gallbladder will 
empty without the action of nerves, and is 
not emptied by any nerve stimulation (11). 
Just what the action of ingested fat is in 
stimulating the musculature of the gall- 
bladder is not completely known, but it is 
probably in the nature of a hormonal 
mechanism. The practical part for use in 
the test is that if we see a gallbladder 
markedly contracting, we know that the 
musculature is not severely damaged by in- 
flammation or fibrosis (although this gall- 
bladder can harbor stones) (Figs. 1, 2, 3, 
and 4). Consequently, a marked contrac- 
tion of the gallbladder, which sometimes 
occurs to the degree of emptying 95 per 
cent of its contents, must prove that there is 
no intrinsic disease in the wall of the viscus 
(Figs. 5, 6, 7, 8, 9, and 11). This does not 
mean to say that the mucosa of the con- 
tractile gallbladder cannot be the seat of 
cholesterosis. In fact, a gallbladder may 
show a high concentration of the radio- 
paque material, contract and empty almost 
completely, and still have cholesterosis of 
the mucosa (which is probably a prime 
factor in gallstone formation). 

It is an interesting probability that this 
normal contraction of the gallbladder mus- 
culature, at least when it occurs to a pro- 
nounced degree, is the force which starts 
the outlaw gallstone on its path of terror 
and destruction; since it is almost surely the 
blockage of the cystic duct by a small stone 
which produces biliary colic, and even- 
tually acute cholecystitis (13, 14, 16, 18) 
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Fic. 2. 


Fic. 1. a, A gallbladder concentrating radiopaque 
material, resting stage, with numerous negative shadows 
indicative of radiolucent stones. b, One hour after eating, 
the gallbladder has contracted markedly. The stones are 
being pushed into the ampulla where one may produce 
colic and temporary or permanent obstruction. The sha- 
dow of the cystic duct is shown above the gallbladder 
shadow. This illustrates also the elevation of the negative 
shadows of stones within the gallbladder shadow away 
from the gas shadows of the colon. 

Fic. 2. a, The gallbladder is well filled. The shadow 
is moderately dense except for the large negative shadows 
in the fundus, indicative of radiolucent stones, but in 















(Figs. 1, 2, 3, and 4). If the stone passes the 
cystic duct, it may obstruct the common 
duct. This is an interesting observation of a 
normal physiologic function (smooth muscle 
contraction) which under certain circum- 
stances can produce overwhelming disease. 

One of the difficulties of the interpretation 
of negative shadows in the gallbladder which 
indicate either radiolucent stones or polypi 
is brought about by the overlying gas in the 
hepatic flexure of the colon or duodenum. 
Sometimes it is next to impossible to remove 
this gas by any means at our disposal, and es- 
pecially in the pendulous gallbladder which 
hangs down over the intestine it may be ex- 
tremely difficult to make a certain diagnosis 
of stones. After administration of a fat-rich 















Pic. 3. 


the region of colonic gas. b, Thirty minutes after eating, 
the gallbladder has emptied 75 per cent of its contents. 
The ampulla has filled out, the shadows having been 
pushed upward away from any gas in the colon proving 
the shadows in the gallbladder are due to radiolucent 
stones. Even though the gallbladder has been the site of 
stones for several years, it is still thin-walled with normal 
concentrating and contracting power. 

Fic. 3. a, This patient was an extremely heavy muscu- 
lar man with gallstones in whom, with a lesser substance 
than telepaque, no shadow of the gallbladder might have 
been obtained. The fundic half of the shadow of the 
gallbladder is filled with mottling due to small negative 
shadows of radiolucent stones. b, Two hours after eating, 
the gallbladder has emptied 50 per cent of its contents, 
and the whole gallbladder shadow is filled with the nega- 
tive shadows of stones. This case indicates the value of a 
radiopaque substance of a high density. While with 
other substances a nonfilling gallbladder is fairly indica- 
tive of gallstones, it is better to have the story completely 
told. Incidentally, the contractility of this gallbladder 
indicates that, although it is half filled with stones, its 
musculature is still active and that its serosa will strip 
readily. The gallbladder was removed by subserous dis- 
section easily and safely through a comparatively small 
incision in this difficult operative case, and the patient 
made a rapid recovery. 


meal, however, and the initiation of con- 
traction of the musculature, the gallbladder 
may be shortened, or at least lifted up toward 
its more fixed portion (ampulla and cystic 
duct), so that it will pull away from the co- 
lon and duodenum. Thus, negative shad- 
ows can be more certainly evaluated, since 
any shadow which remains within the shad- 
ow of the gallbladder as it contracts is more 
surely indicative of stone (7, 14) (Figs. 1, 2, 
and 10). (An attempt at removal of gas by 
pituitrin and enema is an important ad- 
junct.) 

As the volume of the gallbladder is re- 
duced by the contraction of its musculature 
in response to the fat-rich meal, the opaque 
material is extruded through the cystic duct 
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Fic. 4. a, A long dense shadow of the gallbladder can be seen. In its ampulla, there 
is a large area of mottling which may be due to stones. b, One-half hour after eating, 
the gallbladder has lifted up and filled the ampulla. The mottling is still present. c, 
One hour after eating, the gallbladder has emptied 50 per cent of its contents. The 
mottling is still present in the ampulla (at the top). Constant mottling inside the gall- 
bladder shadow as it changes size and shape indicates stones. 


ig. 11). This results in a gallbladder of 
aaller diameter and may occasionally al- 

w small radiolucent stones to cast appreci- 

\le shadows which did not show when the 

ilbladder was full of heavily concentrated 

ile (14). Also, as the relative opacity of 
1c radiopaque material in the gallbladder 

reduced, opaque stones may show up as 
1e gallbladder empties. The fact that these 
ense shadows remain within the shadow of 
he gallbladder, as it changes its size and 
ape, proves them to be gallstones. 

Small polypi attached to the mucosa, on 
iccount of being flattened against the wall 
’y pressure in the distended vesicle as well as 
he density of the opaque material, may not 
ast their negative shadows; but, as the gall- 

ladder empties and the relative opacity of 
ihe bile decreases, and there is less tension 
in the viscus, especially as it relaxes to refill, 
these polypi may cast shadows. These ap- 
pear as breaks or filling defects in the margins 
of the shadow of the gallbladder or as nega- 
tive shadows within the viscus. Polypi 2 
millimeters in diameter would show in 
Figures 5, 8, 9, and 11. 

On the other hand, during the contractile 
phase of the cycle as the gallbladder empties, 
folding of the mucosa increases the relative 
absorptive surface, often with a temporary 
increase in density of the shadow. In the 
gallbladder which casts a faint shadow, the 
result may be enough increased density to 





outline the viscus more clearly, and conse- 
quently any radiolucent stones that it may 
contain (12, 13) (Figs. 3 and 12). 

With the increased opacity of the new sub- 
stance now available (telepaque), as the 
gallbladder expels its contents, often the 
cystic duct and many times the normal com- 
mon duct will be outlined (Figs. 7, 9, 11, 
12, 13, and 14). The lumen of the normal 
cystic duct is smaller than most of us realize 
—about 1.5 millimeters (Fig. 11)—and, with 
its numerous valves, effects a considerable 
hindrance to the passage of anything but 
completely liquid bile. Bile containing cho- 
lesterol debris or that produced by the des- 
quamation of the so-called “strawberry 
seeds” of cholesterosis, could have considera- 
ble difficulty in passing through a really 
normal cystic duct; and I have an idea that 
with a good many patients, symptoms of 
gallbladder disease are evident where the 
cholecystograms show normal filling, con- 
centration, and even emptying. We are sure, 
however, that if we sée a gallbladder rapidly 
and vigorously contracting after a fat-rich 
meal, and the fine coils of the cystic duct 
are outlined, and perhaps the common duct, 
there can be no foreign matter of great con- 
sequence in the gallbladder (Fig. 11). This 
is one of the advantages of a radiopaque 
medium of such high density as telepaque. 
Incidentally, another advantage is that, in 
an extremely heavy subject or in a consider- 
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Fic. 5. a, Only the fundus of an obviously pendulous 
gallbladder is shown. The shadow is very dense. No 
negative shadows seen. b, One-half hour after eating, 
the gallbladder has emptied probably half of its con- 
tents, part of which did not show in (a), so that now the 
radiopaque material more nearly fills the contracting 
gallbladder. However, there are numerous questionable 
shadows which might indicate stones. c, One hour after 
eating, the whole gallbladder is completely outlined by 
radiopaque material, and even part of the cystic duct 


ably diseased gallbladder which might not 
show up at all with a lesser substance, a 
shadow may be obtained with telepaque 
and shadows of stones be demonstrated, 
which makes the diagnosis more definite 
than if no shadow were obtained (Fig. 3). 
Another function of the fat-rich mea] in 
cholecystography is to demonstrate the fail- 
ure of the gallbladder to empty in normal 
time (Fig. 15). This reaction, however, is 
one of the least significant criteria as evidence 
of gallbladder disease and must be carefully 
evaluated. Extremely slow emptying of the 
gallbladder after administration of the fat- 





a b 


Fic. 6. a, The gallbladder shadow is overlaid by 
numerous irregular negative shadows which could be 
confused with stones. b, The technique has been cor- 
rected. One hour after eating, the gallbladder has con- 
tracted to a very small size, 95 per cent. It has pulled 
away from the negative shadows of the colon and the 
density has decreased to the point where any small nega- 
tive shadows due to radiolucent stones could be seen. 





c d 


(top). Even though the density is decreased, there are 
no negative shadows as in (b). d, Six hours after eating, 
the gallbladder has emptied probably 95 per cent of its 
contents, and the shadow density has decreased to such 
a degree that any definite negative or positive shadow 
indicative of stone would show up. The irregular nega- 
tive areas in the shadow of the gallbladder are almost 
surely due to foldings in the mucosa. Here again is 
illustrated the importance of the proper use of the fat- 
rich meal in ruling out gallbladder disease. 


rich meal, with very little decrease in densi- 
ty, may indicate ball-valve stone. The stone 
has allowed the radiopaque material to pass 
into the gallbladder, but when the action of 
the musculature has increased the pressure 
within the viscus, the stone is pushed into 
the cystic duct and delays emptying. This ex- 
tremely slow emptying, that is, very little 
emptying for about 8 or 9 hours after in- 
gestion of the fat meal, especially if accom- 
panied by pain, should give cause for suspi- 
cion of such a ball-valve stone. Figure 15 
shows such a gallbladder in which 2 small. 
stones were found between the valves of the 
cystic duct at operation. 

I have seen 1 case in which repeated 
roentgenograms showed no decrease in size 
or density of the gallbladder shadow for 9 
hours and 2 fat-rich meals, but after 24 hours 
and another meal, the shadow had greatly 
reduced in size and showed a small radio- 
lucent solitary stone. Almost surely, this 
stone had acted as a ball-valve (16). 

However, the musculature of the gall- 
bladder may fail to act after the ingestion 
of the fat-rich meal because the meal is not 
digested. We have shown in experimental 
animals that the meal can go through the 
alimentary tract with no effect on the gall- 
bladder, particularly if the animal is in 
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Fic. 7. a, Very dense cholecystogram. b, One hour after eating, the gallbladder has emptied 
half its contents. The shadow is still very dense. The cystic and common ducts are well out- 
lined. c, Three hours after eating, the gallbladder has contracted to a very small size, having 
emptied 95 per cent of its contents, and has become much less dense, indicating that any 
negative shadows due to radiolucent stones would be visible. 


} or condition (11, 15). Consequently, in a 
; tient, failure of the gallbladder to empty 
i a specified time should give us reason for 
: lection as to the cause, and not hurry us 
| advise a cholecystectomy which might be 
,ecessary. Furthermore, normal individu- 
vary greatly in emptying time. For these 
sons, I should consider failure of the gall- 
dder to empty in the average time to be 
least significant of the criteria concerned 

th the fat-rich meal. With the gallbladder 
iich produces a dense shadow and fails to 
ipty to the normal degree in the normal 
(ime, repeated roentgenograms should be 
ide at 1 or 2 hour intervals during the 
day of the test and perhaps once or twice 

e next day. Thus, a ball-valve stone may 
be brought out, or finally good emptying 
obtained, with sufficient reduction in densi- 
ty to rule out stone. As in the case of Figure 
15, good filling and heavy concentration 
with failure to empty or refill after 8 or 9 
hours is presumptive evidence of a ball- 
valve stone, particularly if the patient suf- 
fers typical biliary colic. In this case, there 
were 2 small stones between the valves of 
the cystic duct. 

The purpose of the fat-rich meal is not 
only to demonstrate the function of con- 
tractility and emptying of the gallbladder 
but to determine the presence or absence of 
stone—by far the most important considera- 
tion in the test. Variations in function like 
faintness of shadow or slow emptying, un- 
less extreme (Fig. 15) are physiologic not 


pathologic signs. Unless the shadow, with 
telepaque properly used, is so faint it can 
hardly be seen, or the emptying is delayed 
8 or 10 hours and is then incomplete, these 
signs are not definite indications of disease. 
The test should be repeated. 

Too many gallbladders have been removed be- 
cause the physiologic mechanism of the patient did 
not conform to the preconceived ideas of the roent- 
genologist or surgeon. 

Objection to the use of the more opaque 
substances for cholecystography can be over- 
come by proper manipulation of the test and 
some understanding of the physiology of the 
gallbladder (11). Shadows of small stones, 
both opaque and nonopaque, may be over- 
laid before the gallbladder empties but may, 
as emptying becomes nearly complete, show 
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Fic. 8. a, The shadow of the resting gallbladder is very 
dense, probably too dense for outlining small radiolucent 
stones or radiopaque stones. b, Three hours after eating, 
the gallbladder has emptied 95 per cent of its contents. 
The whole cavity is indicated, together with the cystic 
duct outlet. The marked decrease in the density of the 
shadow and the very small volume of radiopaque mate- 
rial in the gallbladder rule out positive or negative 
shadows due to stones. 
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Fic. 9. a, Dense shadow of the gallbladder. b, One hour after the fat-rich meal, the gall- 
bladder has emptied 75 per cent of its contents. The cystic and common ducts are outlined. 
Here the cystic duct, in part at least, seems rather large. If so, small stones might pass into 
the common duct, and conceivably obstruct that. c, Three hours after eating, the gall- 
bladder has contracted to a small fraction of its original size, in fact it is almost completely 
empty. The probability is that the opaque material in it is mostly adherent to its mucosa. 
The density has decreased to the point where a very small negative shadow would show up 


by contrast. 


up because of the decreased mass of opaque 
material. 

It is of assistance to obtain as complete 
a contraction of the gallbladder as is pos- 
sible. Sometimes, under patient observation 
and perhaps a second fat-rich meal, the vesi- 
cle will empty to such an extent that one 
can see the major ridges in the mucosa. In 
this case, we are reasonably certain there can 
be no debris or stones in the gallbladder 
(Figs. 5, 9, and 11). The observation of com- 
plete contraction of the viscus makes us as 
sure as we can be of normality (Figs. 6, 7, 8, 
9, and 11). 


a 


Fic. 10. a, The gallbladder fills and concentrates to a 
high degree. Gas shadows of the colon, however, are 
confusing. b, One hour after eating, the shadow is still 
very dense. The ampulla of the gallbladder is seen. Still 
a large amount of gas overlying part of the shadow of the 
gallbladder. c, Two hours after eating, the fine cystic 
duct is outlined (above); and just to the right of the 
spine there is a long curved narrow shadow, almost 
vertical, indicating the common duct. The contraction 


It should be obvious from the foregoing 
discussion that no definite rules should be 
laid out for the use of the fat-rich meal in 
the process of cholecystography. A good un- 
derstanding of the normal activities of the 
viscus must be had and care taken to use 
every advantage we possess in coming to a 
definite decision as to pathology in it. If the 
patient is not feeling well at the time of the 
test and the results are indeterminate, it 
should be repeated, especially the part con- 
cerned with the reaction to the fat-rich meal. 

The physiology of the gallbladder should 
be kept in mind, not only with regard to the 





c 


of the gallbladder has lifted a large part of it away from 
the colonic gas. The very fine cystic duct together with 
lack of negative shadows in the gallbladder indicate 
absence of radiolucent stones. d, Three hours after eat- 
ing, the gallbladder shadow is still smaller, and much 
less dense, and well away from confusing shadows in the 
colon with still no evidence of negative shadows indi- 
cating stones. With decreased density of gallbladder 
shadow, probability of radiopaque stones is minimized. 
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a b c d 

Fic. 11. a, Extremely dense shadow of a normally decreasing its density, and further insuring that any posi- 
ved and placed gallbladder. Shadow too dense for de- tive or negative shadows would show up. The gallbladder 
ting small radiolucent or radiopaque stones. b, Thirty is very small, almost surely not containing 5 per cent 
inutes after eating, the gallbladder has emptied at of the original opaque material. Here is a gallbladder 
ist 60 per cent of its contents. The whole spiral cystic which is normal throughout. It is smooth in outline. We 
ict and parts of the common and hepatic ducts are know it is thin-walled from the fact that it contracts to 
sualized. c, Three hours after eating, the gallbladder the size it does; that there are no significant adhesions 
is emptied more than 90 per cent of its contents. The to it; that the mucosa will concentrate its contents 
nsity is so remarkably decreased that any positive or greatly; that its musculature is intact; that its serosa is 
egative shadows due to stones should show up. The not adherent to its musculature. In contraction the 
hole cystic duct is still outlined, indicating no foreign serosa has to slip over the musculature because the serosa 
iatter in the gallbladder sufficient to block this very is adherent to the liver at the edges of the gallbladder 
irrow coiled tube, the lumen of which is probably not fossa. Note that this gallbladder required 6 hours for 
,ore than 1.5 millimeters in diameter. In view of the emptying. A good deal of care and persistence was re- 
nall duct, the Heister’s valves would further deter emp- quired to obtain roentgenograms at the point of greatest 
ing of fine biliary debris. d, Six hours after eating, the emptying; this was worth while since a perfectly func- 
illbladder has started to refill with bile, still further tioning gallbladder was demonstrated. 


onduct of the test but as to the directions chance of obtaining a dense workable shad- 
‘iven the patient. Sometimes it seems tome _ ow of the gallbladder is improved. Since we 


hat the companies that put out the radio- —_ have shown that pure carbohydrates do not 
aque substances we use have little regard empty the gallbladder, they can be given 
or the function of the gallbladder. For in- | between doses or afterward to prevent hun- 
stance, the patient may be directed to take — ger and weakness in the patient (6). 

no food containing fat at the evening meal, After taking the radiopaque substance, it 


and after that to take the pills. This means is important to avoid any food, especially 
that the gallbladder has probably not been fat, which might produce some emptying. 
emptied for some time and is full of concen- ‘There is no reason why the patient should 
irated bile. In this case, the opaque material not drink water or even fruit juices if he 
can get into the gallbladder only through feels thirsty or weak. The sight and smell of 


spilling over of the gallbladder from disten- food, even with hunger (psychic stimuli), 
tion, and slight refilling, as well as increased — produce no emptying of gallbladder (6, 9). 
concentration. In order to secure the greatest density 


We have shown that in almost all cases __ possible of the gallbladder shadow, we de- 
the gallbladder completes its emptying and __ vised what was called the “‘double-oral meth- 
begins to refill after 3 or 4 hours (Figs. 5,6, | od,’? whereby an amount of the radiopaque 
7, 8, 9, and 14). Consequently, if the first | substance was given 3 to 4 hours after a pre- 
pills of radiopaque substance are given 4 sumed emptying, following a fat-rich meal, 
hours after a fat-rich meal, there will be a —_ and then 4 to 6 hours after that, following a 
better chance of its concentration with the — carbohydrate meal, another dose of the drug 
bile in the gallbladder as it refills. If, then, | was given. This allowed more time and more 
in addition, 4 to 6 hours after that, another available material for concentration in the 
dose of radiopaque substance is given, the gallbladder, and thereby produced much 
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Fic. 14. 


Fic. 12. a, One hour after eating, a large constant neg- 
ative shadow is seen in the fundus of the gallbladder. 
Even with this displacement of radiopaque material, 
enough of it entered and was concentrated to show well 
the ampulla and common duct as emptying occurred. In 
spite of the presence of an old stone in the gallbladder, 
the vesicle retained considerable normality, both of its 
mucosa and its musculature. 

Fic. 13. a, Thirty minutes after eating, the gallbladder 
shadow is extremely dense. It has an acute angle in it. 
The common duct is very clearly outlined. b, Two hours 
after eating, the gallbladder is about 50 per cent empty. 
The common duct is still well outlined. The cystic duct 
in this case is apparently short. The density of the shadow 


improved shadows over the single dose meth- 
od (7, 17). 

Now, with the heavier materials, this 
*‘double-oral method” is not so important. 
At the same time, it is my feeling that the 
denser the initial shadow of the gallbladder 
the better because what might be a nonfilling 
gallbladder (Fig. 3) may fill and showstones; 
or fill and empty, demonstrating normality, 
and often the cystic and common ducts can 
be outlined as the gallbladder empties after 
the fat-rich meal (Figs. 7, 9, 11, 12, 13, 
and 14). 

Consequently, even with telepaque, I still 
employ a somewhat modified “‘double-oral 
method.” A half or a full dose is given 4 


here, however, has decreased to the point where any 
shadows indicative of stones could be seen. 

Fic. 14. a, Extremely dense shadow of the gallbladder, 
but not so dense at its ampulla. There are throughout the 
gallbladder shadow variations in density which could 
suggest stones. b, One hour after eating, the gallbladder 
shadow has become more homogenous. The ampulla 
and the cystic duct end have filled out. The common 
duct is visible. At least 60 per cent of the contents have 
been evacuated. c, Two hours after eating, the gallblad- 
der has begun to refill. The fundus is still away from the 
shadows of bowel gas. The density has lessened to the 
degree where negative shadows due to stones would be 
indicated. 


hours after a fat-rich meal at noon; then a 
full dose after a carbohydrate meal at night. 
After this, the patient takes nothing except 
water or fruit juices. This procedure pro- 
duces shadows of the greatest density that I 
have ever seen and demonstrates the cystic 
and common ducts as the gallbladder emp- 
ties after the fat-rich meal in about 50 per 
cent of the cases in which the gallbladder is 
normal, or even when some stones may be 
present if they do not occupy too much of 
the gallbladder capacity or interfere with its 
concentrating power (Fig. 12). 

The exhibition of the cystic and common 
ducts by the denser radiopaque substances 
is dependent upon the stimulus of the fat- 




















a b 


Fic. 15. a, The gallbladder has filled and concentrated 
he radiopaque material to produce a shadow of extreme 
ensity. b, Nine hours after the fat-rich meal and another 
1eal of lower percentage of fat, there has been emptying 
f only about 50 per cent of the contents of the vesicle and 

» refilling. This can be considered abnormal. On the 
ther hand, it might be considered a physiologic abnor- 
iality. The patient ate the fat-rich meal with poor 

lish and was slightly nauseated throughout the test. 

he fact that there is 50 per cent emptying, as well as the 
bvious fact that the gallbladder has filled in the first 
lace, indicates no complete obstruction of the cystic 
uct. However, there could be a ball-valve stone which 
\lows the bile to go in readily but to go out with some 
lifficulty. Lack of refilling after 9 hours, however, is evi- 
ience that a small ball-valve stone has now, from the 
ontractile pressure of the gallbladder, become an ob- 
tructing stone. The patient continued to have severe 
siliary colic. Two months later, cholecystectomy showed 
: fairly normal gallbladder containing concentrated bile, 
vith 2 small black stones captured between the Heister’s 
valves in the cystic duct. Contractile muscular pressure 
ifter eating had impacted the stones, producing colic. 
:ventually, after release of pressure, bile flowed into the 
rallbladder. 


rich meal and may prove to be one of its 
most important uses. It seems clear that fill- 
ing of the ducts without the presence of neg- 
ative or positive shadows is evidence of nor- 
mality. An obstructing stone will probably 
not show because, if it is in the cystic duct, 
the gallbladder cannot fill and, if it is in the 
common duct, secretory pressure in the liver 
is reduced by back pressure. The free-float- 
ing or the ball-valve stone would be most 
likely to give a shadow in the common duct. 

With the use of cholografin, the new in- 
travenous solution for cholangiography as 
well as cholecystography, the fat-rich meal 
may serve a purpose if the gallbladder is 
presumed to be present. As already empha- 
sized, the gallbladder should not be distended 
with concentrated bile during the optimum 
period for entry of the radiopaque substance. 








Whitaker: USE OF FAT-RICH MEAL IN CHOLECYSTOGRAPHY 48] 


This is doubly true when it is desired to ob- 
tain a quick filling of the gallbladder after in- 
travenous injection. ‘The cholografin should, 
then, be given about 4 hours after a fat-rich 
meal, when the gallbladder is presumably 
refilling and its bile beginning toconcentrate. 
If the object is exhibition of the common 
duct it is probably better to have the gall- 
bladder full of concentrated bile when 
cholografin is injected. 


SUMMARY 


The use of the fat-rich meal would seem 
to be important if cholecystography is to be 
used to full advantage for the diagnosis of 
gallstones. 

The purpose of the fat-rich meal is to in- 
duce contraction of the musculature of the 
gallbladder to the greatest possible degree— 
thereby: (1) exhibiting the cystic and com- 
mon ducts with the newer and denser radio- 
paque substances; (2) elevating the shadow 
of the gallbladder away from confusing shad- 
ows in the colon; (3) reducing the volume of 
opaque material in the gallbladder to the 
point where even small stones or particles 
will show contrast shadows; (4) determining 
failure of the gallbladder to empty in proper 
time; (5) testing normality of the wall of the 
viscus. 

The fat-rich meal is also useful in empty- 
ing the gallbladder of concentrated bile in 
preparation for the entrance and concentra- 
tion of radiopaque substance. 

Properly used in cholecystography, the 
fat-rich meal is a vital factor in determina- 
tion of the presence or absence of gallstones. 
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\ NEW METHOD OF COMPARING SUTURES OF 


(VINE CATGUT WITH SUTURES OF BOVINE 


\TGUT IN THREE SPECIES 


~-a~ 


_ 


{E INCREASING DEMANDS for catgut, the 
ly absorbable suture, coupled with a rela- 
e shortage of the basic raw material, 
‘ep’s intestines, made imperative a search 

another species of animal that would 
‘Id an equally acceptable collagen for the 
duction of surgical gut. Beef serosa was 
ind to be satisfactory. Although a patent 
is granted in 1879 to Peter and James 
‘irner for the use of such material in sur- 

al gut, it was never exploited and the 

estinal submucosa of sheep has continued 

be the only source of collagen for surgical 
‘tin this country. A later patent awarded 

1923 to Shunzo Uyama described the use 
o! the serosa from the large intestines of 
veral species for the production of sutures 
hut it, too, was never exploited in this 
country. The definition of surgical gut in the 
| nited States Pharmacopeia XIV was broad- 
ened to permit the use of other sources of 
collagen for surgical gut. This broadened 
definition was justified by an extensive study 
in vivo of the relative rates of absorption of 
gut from bovine collagen and of gut from 
ovine collagen plus a critical appraisal of 
the tissue reactions caused by the implanta- 
tion of these two materials. This article 
presents the results of these studies with a 
detailed analysis of the method of quanti- 
ficating the microscopic tissue reactions, for 
without such a procedure an objective com- 
parison would not have been possible. ‘This 
method may well find application in the 
appraisal of new synthetic materials for 
potential use as sutures or implants. Finally, 
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certain impressions have emerged regarding 
the reactions of various tissues and species 
to implanted catgut. Some of these have 
extended our knowledge, although the ma- 


jority have merely confirmed prior pub- 


lished contributions to our knowledge. 

Since several excellent reviews of the 
literature have been published in recent 
years, such as those by Localio and asso- 
ciates and Sandbloom, it is needless to re- 
peat any here. 

Materials. Bovine and ovine catgut, both 
plain and chromicized, in gauges Nos. 0, 00, 
and 000, were employed in this study. All 
the sutures were sterile and nonboilable. 

Experimental methods. The following ani- 
mals of both sexes and of the weight ranges 
indicated were used in these studies; 162 
albino rats (250 to 400 grams), 84 rabbits 
(2 to 4 kilograms), and. 47 mongrel dogs. 

All operative procedures were aseptically 
performed with sterile materials. Sterile 
dressings were always affixed with tape over 
the closures. 

The rat. Midline dermal incisions were 
employed to expose the gluteal muscles of 
rats under sodium pentobarbital anesthesia 
(37 mgm./kgm. i.p.). Swaged needles were 
employed for all implantations to minimize 
the inevitable mechanical injury to the tis- 
sues incident to the implantations. Without 
this precaution, the tissue reactions to the 
sutures, per se, might have been needlessly 
beclouded by the responses to excessive 
trauma. Strands of catgut about 1 centi- 
meter in length were implanted sagittally 
in the dorsal surfaces of the muscles so that 
the entire strands lay within the muscle 


484 Surgery, Gynecology ¢ Obstetrics - April 1955 


TABLE I 
No. cells per immersion field 
i 
6-15. 
16-20.. 
21-35... 
36-50. . 
51-100 
101-150. . . 
Greater than 150 


Assigned grade 


aM kWh 


on 


except for short protruding ends. ‘Two such 
sutures, usually of different types, were im- 
planted into the muscle of each side. The 
points of entry and exit of the catgut were 
marked by single ties of fine black silk not 
only in the rats, but in the dogs and rabbits 
also. ‘The incisions were closed with Michel 
wound clips in the rat and rabbit but with 
interrupted silk sutures (No. 00) in the dog. 

The rabbit. Midline skin incisions were 
made under sodium pentobarbital anesthesia 
(35 mgm./kgm. i.v.), to expose the latissimi 
dorsi. Three or 4 strands of suture, each 
about 4 centimeters long, were implanted 
into each of the two muscles in directions 
perpendicular to the vertebral column. 

The dog. Longitudinal skin incisions and 
blunt dissection through the iliotibial tracts 
were employed to expose the vasti laterales 
of the hindquarters of the dog under sodium 
pentobarbital anesthesia (37 mgm./kgm. 
i.p.). Twelve sutures, each 3 centimeters 
long, were implanted in each muscle at 1 
centimeter intervals in directions parallel to 
the surface of the muscle and perpendicular 
to the longitudinal axis of the leg. 

At varying periods of time after implanta- 
tion of the sutures the animals were sacri- 
ficed. ‘The suture areas of short term animals 
and suspicious sites from any other animals 
were cultured in thioglycollate medium for 
10 days. The muscles containing the sutures 
were excised, stained with hematoxylin and 
eosin, and examined microscopically. 


METHOD OF HISTOPATHOLOGIC GRADING 


The percentage absorption of each suture 
was approximated by microscopic observa- 
tion of its cross-section. 

In evaluating tissue reaction in microscop- 
ic sections the following steps were taken: 


TABLE II 

Cell type 
Lh ee ae : 
Diameter of inflammatory response 
Over-all cellular density. . .. 
Eosinophiles......... 
Lymphocytes : 
Multinucleated giant cells 
Fibroblasts... 5... 6505.6 
Mononuclear phagocytes. . . . 


Wetghing fact 


mee MNNMWUD 


1. The number of each of 6 cell types 
(mononucleated phagocytes, neutrophiles, 
eosinophiles, lymphocytes, fibroblasts, giant 
cells) per oil immersion field was approxi- 
mated, and from Table I a grade for each 
of these 6 cell types was obtained correspond- 
ing to the number of cells counted per im- 
mersion field. 

2. A seventh figure was obtained by esti- 
mating the over-all density of the total in- 
flammatory cells per high powered field 
(430). To a bare scattering of inflamma- 
tory cells was assigned a grade of 1, and toa 
dense aggregation a grade of 8. In respect to 
this one figure, the assignment of inter- 
mediate grades was based on experience in 
the reading of thousands of suture slides. 
This procedure accords with those accepted 
by pathologists in adjudging the degree of 
inflammation in any slide, since the actual 
counting of the number of cells present 
would represent a prohibitive expenditure of 
time. 

3. In Table II empiric weighing factors . 
were assigned to the various cell types and to 
the over-all cellular density since they were 
not considered of equal importance in in- 
terpreting the acuteness of the inflammatory 
cellular response. 

4. Because the diameter of the inflamma- 
tory response surrounding an irritating sub- 
stance is also indicative of the degree of irri- 
tation evoked by its presence, this factor too 
was taken into consideration in evaluating 
the over-all tissue reactions. From Table 
III was taken the grade of reaction assigned 
to the total observed area of inflammatory 
response surrounding the suture. 

5. The final contribution of each cell type, 
of the over-all cellular density, and of the 
diameter of inflammatory response to the 

















TABLE III 


epth of reaction (diameter in 
high power fields, 430X) 
0.01 t0:0:25...... : 1 


Grade assigned 


0.26 to 0.33 y 
0.34 to 0.50 3 
0.51 to 1.0 4 
1.1 to 2.0 5 
2.1 to 3.0. 6 
Sf tO WO ies. 7 
4.1 and above... 8 


ital grading of the over-all tissue reaction 
as obtained by multiplying the respective 
rades assigned (Tables I and III) by their 
responding weighing factors (Table I1). 

6. By referring the sum of these 8 values 
» Table IV the over-all grade of the tissue 
‘action could be read. 

Table V demonstrates how an over-all 
issue reaction evoked by a suture was cal- 

ulated by this method. 

The system described of grading the total 
issue reaction surrounding an implanted 
uture is not completely quantitative, but it 
s difficult to see in the light of our present 

knowledge how it could ever be made so. By 
‘mploying the present system, experienced 
inicroscopists, once thoroughly familiar with 
ihe method, have repeatedly demonstrated 
that they rarely differ in their independent 
erading of the same slides by more than 1 
unit. 

RESULTS 

A few comments may help focus attention 
on the more important generalizations to be 
drawn from the tabulated data. 

In the rat, plain gut, irrespective of the 
gauge or collagenous origin, disintegrated 
rapidly (Table VI and Figs. 1 and 2). The 
seeming differences between the ovine and 
bovine gut and between the two gauges 
were not statistically significant. 

In the rabbit the disintegration and ab- 
sorption of plain gut were much slower than 
in the rat (Table VI and Figs. 3 and 4). The 
initial digestion of the bovine catgut seemed 
to proceed more rapidly than that of the 
ovine but this difference was not statistically 


significant. The ovine gut was absorbed in 
about 45 days and the bovine in 60. This 
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TABLE IV 
Grade of Name assigned 
Total points lissue reaction to the grade 
0-16. 1 Very slight 

17-32 2 Slight 
33-48 3 Slight to moderate 
49-64 4 Moderate 
65-80 5 Moderate to marked 
81-96 ; 6 Marked 
ad | 7 - rere 7 Marked to extensive 
Greater than 112.. 8 Extensive 


difference was statistically significant for 
both gauges. The absorption was about half 
complete by the twenty-fifth day. 

In the dog (Tables VI and VII) the re- 
sults were so erratic and the standard devi- 
ations so high that only one generalization 
would seem justified—the absorption of 
plain gut in this species proceeded more 
slowly than in either of the other two species. 
Table VIII represents a general summary of 
the rates of absorption in the three species. 

Gross observations. No macroscopic ab- 
normalities, directly attributable to the im- 
planted sutures, were observed at any time 
except in the case of the rat. In this animal 
at 5 days, and occasionally at 10 days post- 
operatively, most sutures were surrounded 
by viscous, purulent exudates. This accords 
with the observations made by Madsen and 
reflects the intensity of the inflammatory 
response in this species since cultures rarely 
demonstrated bacterial growth. The occa- 
sional infected specimen was, however, ex- 
cluded from consideration in the formula- 
tion of the results. 

Mistopathologic observations. The results have 
been presented in Tables VI to VIII and in 
Figures 1 to 11. 

Rates of absorption. ‘The No. 0 chromic gut 
in the rat was about 50 per cent absorbed 
by the twenty-fifth day postoperatively; 
thereafter absorption continued regularly 
until the sixtieth to sixty-fifth days post- 
operatively when only microscopic frag- 
ments remained. The No. 00 chromic gut 
showed marked differences in that the ovine 
was about 50 per cent gone by the fifteenth 
day at which time the bovine was almost 
intact. We suspect this to have been an 
aberrant result since it was the 1 instance in 








486 


. No. of cells counted and 
diameter of inflamma- 
tory response......... 
. Assigned grades from 
Tables I and III...... 
>. Weighing factors Table 
| : 
. Evaluation grade 
PRC) as sie h oes SG be 
>. Grade of over-all tissue 
reaction from Table IV 


oS 


5 


val 


° 


Mono- 
nuclear 


cells 


6 


6+5+30+2+2+4+18+8+25 = 96 = Grade of 6 (marked) 


Fibro- 
blasts 
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TABLE V 


Over-all 
cellular 
Neutro- Eosino- Giant concentra- 
philes philes cells tion 
48 3 2 sa 
5 1 1 o* 
6 2 2 3 
30 2 2 18 


*An estimated value and assigned grade based largely on experience. 
See B2 under methods of histopathologic grading. 


Days No. of 
P.O. spectmens 
5 11 
10 10 
15 
25 19 
35 
40 
45 
60 
5 34 
10 16 
15 29 
25 — 
30 30 
35 
40 8 
45 — 
60 
15 — 
25 
35 
40 
45 
60 - 
15 — 
25 — 
35 
40 
45 - 
60 e 
5 10 
12 
15 10 
25 13 
5 15 
10 15 
15 18 
25 16 
40 17 


*Fiducial limits= Mean (standard error) (t value). 


TABLE VI.—RATES OF ABSORPTION OF PLAIN CATGUT AND 
TISSUE REACTIONS EVOKED BY THEIR IMPLANTATION 


=: 
Mean % 
absorption 
and 95% 
fiducial 
limit* 


30+16 
85+ 10 
972 5 


20+ 6 
553-12 
80+11 
99+ 1 


100 


~ 20+10 


60+ 24 
80+ 20 
90+14 
10+14 
45+17 
50+17 
85+11 
100 


Grade 
of 
tissue 
reaction 


wl ao} 


SIZE NO. 0 OVINE__ 


Sa a eee aA, ee, 
Mean % 
absorption Grade 
and 95% of 
No. of fiducial lissue No. of 
specimens limit* reactions specimens 
SIZE NO. 00 OVINE 
11 0 5 18 
12 10+ 8 5 11 
11 60+27 5 -- 

- — — 13 
11 100 2 — 
12 100 1 17 
SIZE NO. 00 BOVINE_ — = 
20 0 4 —_ 
17 5a 9 4 14 
13 353-25 4 20 
15 70+ 22 4 -= 
-- 14 
13 80+17 4 — 
14 100 2 10 

____SIZE NO. 000 OVINE — 
11 5-5 5 18 
13 55221 15 

8 96+ 6 § — 
—_ — — 9 
11 100 _— 
-- —- 13 

sizE NO. 000 BOVINE ewer 
15 = 5 10 
12 50+ 22 6 18 

9 70+ 28 4 —- 

- — - iZ 
15 Tant9 4 — 

9 100 2 8 





Diameter 
of 
Lympho- inflammatory 
ples response 
29 2 
4 So 
2 5 
8 25 
ee, a 
Mean % 
absorplion Grade 
and 95% of 
fiducial lissue 
limit® reaction 
55213 3 
30+ 23 4 
50+ 24 J 
So 19 io 
60+21 5 
40+14 4 
65+19 2 
98+ 3 2 
oot15 4 
30+ 16 3 
55+ 21 3 
60+15 2 
65416 4 
70415 3 
60+ 22 2 
1D t9 2 
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ny of the three species with any of the 
1uges or types of gut employed in which 
ich marked differences were found. 

The absorption of chromic gut in the 
ibbit was much slower than in the rat. 
ittle absorption was apparent before the 
hirtieth day after which the process pro- 
essed rather regularly to complete ab- 
ption by about the seventy-fifth day. The 
{ferences between the two types of collagen 
. respect to their rates of absorption were 
it considered statistically significant. In 
gs the chromic gut behaved as erratically 
; did the plain gut. The absorption was 
ie slowest in this species. 


ISSUE REACTIONS 


In the rat the initial reaction (5 days 
\ostoperatively) to any type of ovine or bo- 
ine suture was inflammatory, with edema, 
ibroplasia, and an accumulation of many 
:olymorphonuclear leucocytes over a wide 
irea. The reaction usually had subsided 
onsiderably by the tenth day when lym- 
phocytes began to predominate. Thereafter 
the infiltrating cells consisted principally of 
lymphocytes, mononucleated phagocytes, 
and giant cells; the fibrous tissue originally 
laid down as a capsule gradually coalesced 
and disappeared. The typical picture seen 
in the rat and also in the rabbit immediately 
after complete absorption of the catgut con- 
sisted of many large orange-colored mono- 
nucleated phagocytes, a few multinucleated 
giant cells, a sprinkling of lymphocytes, and 
a few loose strands of collagen. 

The initial reaction in rabbits to both 
types of catgut consisted essentially of a few 
fibroblasts and lymphocytes. The lympho- 
cytes usually increased in number until 
digestion was well underway. As they later 
decreased there occurred an ingress of 
mononuclears accompanied by a few multi- 
nucleated giant cells. Generally the greatest 
tissue reaction was present until the time 
when absorption was about 50 per cent 
complete after which it subsided. 

In general, the tissue response in the dog 
to any size of plain ovine or bovine catgut 
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Fic. 1. Absorption of No. 0 catgut, ovine and bovine, 
plain and chromic, in the rat. 


seems to have been greatest during the 
earlier autopsy periods. Reactions on these 
occasions were predominantly of the chronic 
inflammatory type with lymphocytes, mono- 
nucleated phagocytes, fibroblasts, and 
occasional polymorphonuclear leucocytes. 
All elements appeared to have decreased in 
number thereafter. 


DISCUSSION 


In this study sutures of bovine and ovine 
origin appeared indistinguishable in respect 
to both their rates of absorption and the 
tissue reactions occasioned by their implan- 
tation in vivo in rats, rabbits, and dogs. The 
slight tendency discernible from Table VI 
for the plain sutures of bovine origin to be 
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Fic. 2. Absorption of No. 00 catgut, ovine and 
bovine, plain and chromic, in the rat. 
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TABLE VII.—RATES OF ABSORPTION OF CHROMICIZED CATGUT AND 
TISSUE REACTIONS EVOKED BY THEIR IMPLANTATION 
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Mean % 
absorption 
and 95% 
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*Fiducial limits= Mean+ (standard error) (t value). 


Rabbit 
Mean % 
absorption 
and 95% 


_NO. 0 CHROMIC BOVINE— 


absorbed more slowly than those of ovine 
origin is not statistically significant. Even if 
this difference could be validated 
larger series of implantations it would 
scarcely appear to have practical import for 
the surgeon. That it might be validated, 
however, is suggested by the greater ana- 
tomic continuity of the portion of the beef 
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Dog 
Mean % 
absorption Grad: 
and 95% of 
fiducial lissue 
limit® reactioii 
10+ 7 3 
os 3 3 
25+16 2 
45+32 2 
35424 5 
40+21 4 
50+ 26 3 
65+20 3 
15 6 2 
30 9 3 
40+15 2 
50+18 es 
30+ 21 3 
35+16 2 
40+13 3 
50+ 23 2 


serosa used for sutures as compared with 
the sheep’s submucosa which is pierced by 
so many vessels and nerves. The latter is 
also contaminated with more lymphoid tis- 
sue and lipoidal elements. These factors 
should allow a somewhat better bonding of 
the plies constituting the serosal suture and 
leave fewer microscopic faults on the surface 
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ic. 3. Absorption of No. 00 catgut, ovine and 
ine, plain and chromic, in the rabbit. 


the strand for facilitating enzymatic at- 

‘k. 

The present study was based on 649, 585, 

id 423 specimens obtained respectively 

mm 162 rats, 84 rabbits, and 47 dogs. The 

umber of specimens was sufficient to give 

erages which upon graphing showed a 

asonable progression in the absorption. 

lespite this, individual differences were 

arked. To illustrate, one may consider the 
sorption rates of the No. 0 chromic gut of 
vine origin after 25 days implantation in 
he rat. Of the 11 histologic specimens ex- 
mined, the mean absorption was 40 per 
ent but the range was from 10 to 85 per 
ent with a standard deviation of 26 per 
ent. This range is not surprising when one 
onsiders some of the many variables that 
can alter gut absorption in the same species: 
(1) the suture—as a biologic product it is 
not homogeneous structurally, although of 
high purity chemically; (2) the individual 
animal into which the suture is implanted; 
(3) the leucocytic response to the implant— 
the number of leucocytes that surround the 
suture and the speed with which they ag- 
gregate and disintegrate can markedly in- 
fluence absorption; (4) the degree of trauma 
occasioned by the implantation per se. 

For these and other reasons, we have con- 
sidered the ‘‘half-life’ of the suture (the 
time for 50 per cent of it to be absorbed) the 
most valid basis for comparing relative 
rates of absorption in different species. On 
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Fic. 4. Absorption of No. 000 catgut, ovine and 
bovine, plain and chromic, in the rat. 


this basis plain gut was absorbed 4 times as 
fast in the rat as in the rabbit, but chromic 
gut was absorbed only twice as fast in the 
rat as in the rabbit. In general, the absorp- 
tion in the dog was even slower than in the 
rabbit, but the results in the former species 
were so erratic as to make any more specific 
comparisons of dubious validity. 

The value of the method described in this 
paper for quantificating local reactions to 
implanted materials has been proved by 
the consistency of the results it yielded. It 
could well find application in assessing the 
responses of any new materials to be im- 
planted in vivo whether for sutures or pros- 
theses. Such an assessment is imperative in 
view of the reports by Oppenheimer and his 
associates on the carcinogenicity in the rat of 
various implanted plastics. What signifi- 
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Fic. 5. Absorption of catgut, plain and chromic, No. 
00 and No. 000, in the rabbit. 
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Fic. 6. No. 00 plain suture of ovine origin after 5 days’ 
implantation in the rat. The reaction consists of massive 
concentrations of neutrophilic leucocytes, edema, and 
early fibroplasia. 


cance this may have for the human is not 
yet known, but it bespeaks the need for pro- 
longed tissue studies in animals before any 
new material is left in humans. 

In view of the fact that the metabolic rate 
and body temperature are highest in the 
rat, next in the rabbit, and lowest in the 
dog, one might expect the rate of digestion of 





Fic. 7. No. 00 plain suture of bovine origin after 10 
days’ implantation in the rat. The suture, disrupted by 
small concentrations of polymorphonuclear cells, is en- 
closed in a capsule of loose fibrous tissue containing many 
fibroblasts, macrophages, and lymphocytes. 
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Fic. 8. No. 00 plain suture of bovine origin after 15 
days’ implantation in the rat. Small remaining fragments 
of suture are enclosed in loose fibrous tissue with large 
concentrations of macrophages at periphery. 


catgut, which is probably dependent upon 
the enzymes supplied by the leucocytes, 
would follow the same order in these 3 
animals. Our results were in agreement with 
these expectations, not only in respect to the 
relative rates of absorption, but also in 
respect to the number and types of inflam- 
matory cells evoked by the catgut in these 
three species. If the metabolic rate and body 
temperature are variables determining the 
rates of digestion of catgut, then one might 
have reason to believe that the rate of 
absorption and the tissue reaction would be 
smaller in the human than in these three 
species of animals. However, though the 
literature is unusually devoid of data con- 
cerning the behavior of catgut in un- 
wounded human tissues, Madsen found the 
tissue reaction evoked by catgut in 1 human 
volunteer to be similar to that in rabbits but 
absorption to be somewhat quicker in the 
former. Braun and his associates found 
absorption to be the most rapid in the dog, 
slowest in the rabbit, and intermediate in 
the human. 

In respect to the comparative tissue reac- 
tions in the three species, the initial inflam- 
matory responses in the rat consisted of most 
extensive concentrations of neutrophiles, 




















Fic. 9. No. 00 medium chromic suture of bovine origin 
er 15 days’ implantation in the rabbit. The suture is 
act and enclosed in a small loose capsule containing 
iderate numbers of fibroblasts and lymphocytes and 
casional eosinophiles. 


lema, and fibroplasia, whereas in the 
ibbit the early tissue reaction was com- 
vised mostly of lymphocytes with a scatter- 
ig of neutrophiles. Significant degrees of 
dema and fibroplasia were not observed. 
\s absorption of catgut proceeded the tissue 
cactions of the two species became very 
imilar and usually consisted of accumula- 
ions of lymphocytes intermingled with in- 
creasing numbers of orange-colored phago- 
cytes and occasional multinucleated giant 
cells. In these later stages of absorption the 
catgut in the rabbit was often surrounded by 
a scattering to unusual numbers of eosino- 
philes. These cells were rarely seen in the 
rat. The significance of these findings is not 
clear, although it may be that a degree of 
localized hypersensitivity to catgut develops 
in the rabbit during the first few weeks of 
implantation. The rat, of course, is no- 
\oriously refractive to the inducement of 
sensitization, which might account for the 
lack of eosinophiles around the suture in 
that animal. Evidence that microscopic 
sensitization to catgut can be demonstrated 
in the guinea pig has already been described 
by one of the authors (Craver). 
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Fic. 10. No. 00 medium chromic suture of ovine 
origin after 60 days’ implantation in the rabbit. The 
suture, evidencing advanced stages of absorption, is 
surrounded by marked concentrations of lymphocytes, 
some macrophages, and multinucleated giant cells. 


Plain gut was much more irritating to the 
tissues of the rat than of the rabbit and 
evoked a greater polymorphonuclear leuco- 
cytic response. Presumably the enzymes re- 
leased from these cells accounted for the 
more rapid digestion of the gut in this spe- 





Fic. 11. No. 00 medium chromic suture of bovine 
origin after 75 days’ implantation in the rabbit. Absorp- 
tion is complete, and the area once occupied by the 
suture is composed of a nest of macrophages. 
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TABLE VIII.—TIME REQUIRED FOR VARIOUS DEGREES OF ABSORPTION AS INTERPOLATED FROM GRAPHS 


Suture Suture 
Animal species size type 
0 Plain 
0 Plain 
Plain 
00 Plain 
0 Chromic 
0 Chromic 
00 Chromic 
mats... Chromic 
Rabbits. . . : 00 Plain 
Rabbits : 00 Plain 
Rabbits Plain 
Rabbits Plain 
Rabbits. . Chromic 
Rabbits. . Chromic 
Rabbits. . Chromic 
Rabbits. Chromic 


cies. Chromicization of gut may either re- 
duce the irritancy of gut to the tissues of the 
rat or inhibit hydration or enzymatic hy- 
drolysis of the sutures to a greater degree 
than in the rabbit. 

The plain sutures were digested at a con- 
siderably more rapid rate than the chromic 
in both the rat and the rabbit. This agrees 
with the findings of Howes and Harvey, 
Jenkins, Kraissl, Wolff and Priestley, Tay- 
lor, and many other investigators in the 
field. In general the plain gut evoked some- 
what greater tissue responses than did the 
chromic which accords with the reports of 
Bates, Jenkins and associates, Kraissl, ‘Tay- 
lor, Wolff and Priestley, and others. 

Our findings do not show the differences 
in tissue reaction to plain and chromic gut 
to be striking. This may reflect the greater 
purity of a product that has benefited from 
research and improvement in manufacture 
as emphasized by Sizer. 

Chromicization did inhibit the early hy- 
dration of gut and rendered it more slowly 
absorbable and somewhat less irritating. 
The mechanism of these changes is not 
clear. The chromium renders the collagen 
less susceptible to a loss of tensile strength 
from hydration in sterile saline (unpublished 
data) which is a distinct advantage, since 
this loss could amount to 30 per cent of the 
initial strength as Howes reported and as 
our work has confirmed. We could gain 


Days required for percentage 
of absorption indicated______ 


Origin 

of gut 25% 50% 75% 
Ovine 5 8 13 
Bovine 7 10 16 
Ovine 4 6 7 
Bovine 6 8 14 
Ovine 21 33 47 
Bovine 18 28 40 
Ovine 7 12 25 
Bovine 17 30 42 
Ovine 30 35 40 
Bovine 24 30 37 
Ovine 20 24 28 
Bovine 20 27 35 
Ovine 35 45 58 
Bovine 44 60 70 
Ovine 30 St 67 
Bovine 34 51 68 


some insight as to how chromicization 
effects this change if we knew how hydration 
weakened the sutures, but that too is un- 
known. It may be, too, that chromium at- 
tached to the peptide chains makes the link- 
ages less susceptible to enzymatic cleavage. 
It seems less likely that chromicization tem- 
porarily poisons the enzymes active in the 
digestion of the sutures. 

There was no apparent correlation be- 
tween rates of absorption and suture sizes 
within the rather narrow size ranges em- 
ployed in this investigation. If sutures of 
markedly different sizes had been studied, it 
might have been possible to confirm the 
findings of Kraissl, Wolff and Priestley, and. 
of Bates, that larger sizes of gut are absorbed 
more rapidly than are the smaller gauges. 
Similarly, our work fails to show any direct 
proportion between suture size and the tis- 
sue reaction evoked, a finding that agrees 
with the work of Madsen who failed to find 
any differences in tissue responses to the size 
range Nos. 1 through 0000. Madsen, how- 
ever, did observe that very large sizes were 
more irritating. Bower, Bates, and Lupton 
also found that larger sizes of gut evoked 
greater tissue reactions. This may but re- 
flect greater trauma to tissues inflicted by 
implantation of such large sizes than rep- 
resent an effect of the suture per se. 

Unpublished data from this laboratory 
indicate that the rates of absorption have no 
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« vrelation with the tensile strengths of the 

i; planted sutures... Many sutures micro- 

s pically may appear unchanged even 
ugh their tensile strengths may largely 
‘e been dissipated. 


{MARY AND CONCLUSIONS 


. In this study 649, 585, and 423 histo- 
ic specimens of suture implants obtained 
vectively from 162 rats, 84 rabbits, and 
dogs were examined microscopically to 
upare the rates of absorption and tissue 
ctions caused by sutures of beef serosa 
h sutures of sheep submucosa. 

>, A new method for the histopathologic 

iluation of the tissue reactions elicited by 

implantation of sutures has been de- 
ibed. 

3. There is appreciable variability in cat- 

t sutures of both ovine and bovine origin 

d marked differences in the responses to 

iplantation, not only from species to spe- 

es, but also from animal to animal of the 
me species. 

4. Plain catgut was almost always ab- 

bed more rapidly than chromicized gut 
ad produced slightly greater inflammatory 

sponses. Absorption was usually most rap- 
din the rat and slowest in the dog, although 
ihe latter animal appeared to have been 
highly erratic in its responses. 

5. The inflammatory reaction to im- 
planted catgut in the rat consisted of an ini- 
tial, intensely neutrophilic leucocyte re- 
sponse followed by a lymphocytic and pha- 
vocytic reaction persisting until absorption 
was complete. In the rabbit the cellular re- 
sponse was almost always lymphocytic, asso- 
ciated in the later stages of absorption with 
an increasing accumulation of macrophages 
and, in many animals, with unusual num- 
bers of eosinophiles. Reactions in the rat ap- 
peared earlier, reached greater heights, and 
subsided sooner than in the other species 
employed. Since absorption was also fastest 
in this species, it constitutes further indirect 
evidence that enzymes released by disinte- 
grating leucocytes are probably chiefly re- 
sponsible for the digestion of gut. 


6. Bovine and ovine catgut did not sig- 
nificantly differ in any given species in the 
degrees of tissue reaction occasioned by 
their implantation. 

7. In general, there were no statistically 
significant differences between catguts of 
bovine and ovine origin in respect to their 
rates of absorption in rat, rabbit, and dog 
muscle. 
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EDITORIAL 





IK SAFETY OF LIQUID PLASMA 


ARROTT ALLEN, M.D., F.A.C.S., Chicago, Illinois 


}OLED LIQUID PLASMA stored at room tem- 

ature (72 to 95 degrees F.) for 6 months 

ynger is fully as safe as whole blood so far 
transmission of serum hepatitis is con- 
ned,” states a resolution recently adopted 
the Board of Regents of the American 
ilege of Surgeons. “‘In view of this,”’ the 
vents ‘tare of the opinion that warning 
iements regarding the transmission of 
um hepatitis by such plasma are no longer 

‘sonable, particularly when not required 
r blood. It is strongly recommended that 

‘sentiments of this Board be forwarded to 
© proper agencies...” 

[his resolution is designed to encourage 

ic use of plasma where other fluids do not 
rve the same purpose equally well or 
«tter. This goal may be reached sooner 
»ecause of this resolution, but it is certain 
hat the reintroduction of plasma therapy 
will not be achieved rapidly or without 
opposition. 

Past experience with pooled plasma has 
been bad. Attack rates of homologous serum 
jaundice exceeded 20 per cent among re- 
cipients of plasma derived during the early 
phases of the Korean War. Underscoring 
the significance of this experience is the 
fact that it occurred with plasma exposed to 
ultraviolet irradiation. This observation 
was not limited to the military, for a similar 
pattern was noted in civilian practice as 
well. Other attempts to kill the virus failed 
or changed the plasma proteins or carried 
the threat of toxicity from the chemical 
introduced. Discouragement became despair 


and late in 1952 pooled plasma was aban- 
doned. 

Discouragement also spread to those work- 
ing with this problem in the laboratories. 
The great needs for a laboratory test for the 
virus and for a suitable animal in which to 
study this disease have been serious handi- 
caps not yet overcome. 

Several problems faced the national blood 
program in 1952. First, what should be done 
with the dried plasma already on hand? 
Fractionation appeared to be the answer 
and the only way out of an otherwise hope- 
less situation. Serum albumin heated at 
60 degrees C. for 10 hours was known to be 
free of the hepatitis hazard. There was in 
1952 also the hope that the nonicterogenic 
gamma globulin, another product of frac- 
tionation, might be useful in the prevention 
of poliomyelitis. This gleam of hope was soon 
expanded into a program of national scope. 
Fractionation for albumin reclamation in 
conjunction with a gamma globulin program 
was more acceptable than either alone, for 
the protein losses otherwise would be pro- 
hibitive. In this particular instance, how- 
ever, any reclamation of an assumed virus 
contamination of the national stockpile of 
plasma would be a distinct gain. Although 
the gamma globulin program did not meet 
with much success in the prevention of 
poliomyelitis, the albumin salvage was a 
noteworthy achievement in spite of the large 
loss of protein and the associated costs. 

This and other experiences suggested the 
possibility that all plasma from outdated 
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blood might likewise be salvaged by the 
Cohn fractionation procedures and that this 
might enable blood banks to meet at least 
their own requirements. Certain practical 
considerations have hampered the general 
adoption of this procedure. It is first a com- 
plex process unsuited for the average blood 
bank to employ unless plasma is shipped to 
centers prepared to carry out this technique. 
Furthermore, over half of the transfusable 
protein is lost in the course of fractionation, 
thereby limiting still further an already 
scarce supply. Moreover, there are few 
diseases which require a specific fraction. 
More often plasma in its entirety is more 
useful than one or more of its component 
parts. It is acknowledged that a certain 
quantity of plasma will be needed for 
fractionation to meet specific needs, but it is 
illogical to conclude that all plasma should 
come to this end. 

The abandonment of plasma, because of 
the danger of hepatitis and the limitations 
of albumin, brought into sharper focus the 
long recognized need to develop and stock- 
pile plasma substitutes, especially to meet 
the demands of mass catastrophe. With the 
use of plasma forbidden, a sharp stimulus 
was provided for research and clinical 
studies upon the synthetic substitutes, dex- 
tran, polyvinylpyrrolidone (p.v.p.), and 
gelatin. These agents can be prepared with 
the same osmotic potential as plasma and 
are effective as “expanders” of plasma 
volume. They are not physiologic, however, 
as they do not replace in kind that which 
has been lost. As “‘stand by’’ fluids to assist 
in the treatment of hypovolemic shock until 
blood or plasma can be made available, 
they serve a useful purpose. 

Dextran and gelatin are said to increase 
the bleeding time in some patients and to 
have induced abnormal bleeding upon rare 
occasions. Gelatin and dextran are excreted 
or metabolized completely over a period of 
several days to weeks, but 30 per cent of 
P.V.P. cannot be accounted for in body ex- 
cretions and appears to be retained indef- 
initely. There is a delayed appearance of 


noninflammatory eosinophilic deposits in 
tissues of patients given P.v.P. which in- 
troduces a note of caution in the use of this 
expander until its significance is under- 
stood. Whatever may be the ultimate fate 
of plasma, synthetic expanders will always 
be needed to bridge the gap between the 
demand and supply in emergency. 


LIQUID PLASMA: ADVANTAGES AND DISAD- 
VANTAGES 

In the course of studies on the nutritive 
value of plasma at the University of Chicago 
in 1947, homologous serum jaundice among 
patients receiving pooled liquid plasma was 
conspicuous by its absence, although this 
disease was observed to occur among the 
patients receiving blood. To account for this 
excellent but unique experience with plasma 
was the fact that it had been pooled from 
outdated bloods and allowed to stand at 
room temperature in a liquid state for 6 
months or longer before use. ‘This technique 
proved a fortunate one indeed as no virus 
survives a long time under these conditions. 
By contrast, some viruses dried (lyophilized), 
frozen, or refrigerated survive indefinitely. 
If plasma containing the hepatitis virus is 
lyophilized, frozen, or refrigerated, the virus 
is preserved indefinitely. Such plasma 
should not be used unless the virus is de- 
stroyed before employing these methods for. 
plasma storage. As nearly all plasma in the 
past had been prepared or preserved by one 
of these three procedures when the virus 
was yet viable, the discouraging clinical 
experience with hepatitis from plasma seems 
explained. 

Room temperature storage of viruses may 
not have been intentionally employed before 
to kill a virus on a large scale; however, the 
fate of viruses under these conditions is by 
no means a new observation. For this rea- 
son, room temperature storage of viruses in 
a liquid state has been a condition carefully 
avoided by the virologist lest his virus die 
out prematurely. 

The preparation of liquid plasma and its 
storage at room temperature have been 





‘icized on the erroneous conclusion that 
proteins of plasma are not stable enough 
make this procedure practical, and that 
vacteria-free plasma would be difficult to 
pare. Fortunately, in citrate the physical 
ilities of plasma proteins are remarkably 
je and useful to transfusion purposes 
r several years of room temperature 
age. Chemical studies on liquid plasma 
ed for more than 10 years at room tem- 
iture also indicate its stability. Restricted 
use to the treatment of hypovolemic 
ck or hypoproteinemia, liquid plasma 
d several years appears as effective as 
+h plasma. If aged for 6 months or longer, 
arries also little or no risk of transmitting 
nologous serum jaundice. 
(he assumption that bacterial contami- 
ion enables bacterial cultivation at pro- 
iged periods of room temperature storage 
orrect, but experience seems to indicate 
it bacterial contamination can be avoided 
re readily than anticipated. In the pre- 
ntion of bacterial contamination, rigidly 
(orced aseptic blood banking practices are 
ost important. This, controlled with bac- 
‘riologic cultures, has proved sufficient for 
t.0st blood banks to avoid this troublesome 
»roblem. A survey in 1954 disclosed rates of 
contamination ranging from ‘“‘less than 1 
‘r cent to about 15 per cent” among 84 
'lood banks reporting. At the University of 
Chicago an average of 4 per cent of plasma 
pools have been positive for bacterial con- 
(aminants. All plasma with positive cultures 
is discarded and any sterile unit which later 
becomes discolored or otherwise unusual 
is also discarded. Blood banks without good 
bacteriologic laboratories should not use this 
procedure for plasma preparation. 
Undoubtedly, the loss of plasma pools 
through bacterial contamination can be re- 
duced further if plasma is first subjected to 
bacterial filtration or to bacteriocidal ex- 
posures of ultraviolet light before being 
stored at room temperature. After 6 months, 
when the risk of homologous serum jaundice 
no longer exists, liquid plasma can be lyoph- 
lizied and stored indefinitely if desired. 


EDITORIAL 497 


Otherwise, liquid plasma probably should 
be outdated after 3 to 5 years. 

The National Research Council, the Na- 
tional Institutes of Health, and the British 
Ministry of Health have been reluctant to 
accept some of the preceding data or to 
approve the safety of 6 months old liquid 
plasma which they must do if the physician 
is to be reassured or the manufacturer en- 
couraged in his plasma production. The 
early reluctance of both of these bodies is 
sympathetically understood. ‘Their con- 
tinued position on this problem after more 
than 5 years, however, is not. The clinical 
data on which the safety of pooled liquid 
plasma rests involve patients on whom fol- 
low-up ranged from 6 months to 12 years. 

There will always remain a small group of 
plasma recipients who develop coincidental 
infectious hepatitis during the period when 
serum hepatitis might occur. Whenever this 
event casts suspicion upon pooled plasma, 
the remainder of the units from the pool 
under question should be traced to deter- 
mine whether or not multiple cases of hepa- 
titis have occurred. If 2 or more cases turn 
up among recipients of plasma derived from 
the same pool, the diagnosis of serum hepa- 
titis is almost a certainty. If only 1 case occurs 
and none appears among the remaining re- 
cipients, the diagnosis of coexisting infectious 
hepatitis is likely and presents no greater 
problem for 6 months liquid plasma than it 
does for patients receiving serum albumin or 
gamma globulin. If the fears of the disap- 
proving agencies are well founded that many 
cases of serum hepatitis occur from liquid 
plasma and are unrecognized these bodies 
should by now be able to produce records of 
multiple cases of serum hepatitis in recip- 
ients of plasma from the same pool. 

The above action of the Board of Regents 
of the American College of Surgeons was 
taken to encourage the national bodies 
concerned with the blood program to review 
the facts and, if found as stated before, to 
approve once again the use of liquid plasma 
and thereby to achieve once again the im- 
provement in patient care it affords. 





Fic. 1. Small malleable probe passed downward through stump of cystic duct has by-passed 
pocketed stone at distal end of common bile duct. A, Incision in second portion of duodenum exposes 
papilla of Vater identified by protruding probe. B, Using probe as guide, incision is made through 
the sphincter of Oddi into ampulla of Vater exposing impacted stone. C, Stone removed under direct 
vision with forceps. D, Edges of duct sutured to edges of duodenal mucosa with interrupted No. 35 
annealed stainless steel controls bleeding and creates wide opening between ampulla of Vater and 
duodenum for unimpaired internal drainage of biliary tract. 


Transduodenal Ampullo-Duodenostomy for Treatment of Common Bile Duct Obstructions 
Without a T-Tube Drain.—Daniel 7. Preston. 
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TRANSDUODENAL AMPULLO-DUODENOSTOMY FOR 
TREATMENT OF COMMON BILE DUCT OBSTRUCTIONS 


WITHOUT A T-TUBE DRAIN 


DANIEL J. PRESTON, M.D., M.S., F.A.C.S., Wilmington, Delaware 


TRANSDUODENAL AMPULLO-DUODENOSTOMY and 
retrograde exploration of the common bile duct is 
a reliable procedure for correcting benign ob- 
structive bile duct disease which may be over- 
looked or be inaccessible by the methods now in 
common use. Obstruction of the choledochus due 
to stone, stricture, or stenosis frequently occurs in 
the lower one-third of the duct which is the retro- 
duodenal and transpancreatic portion not con- 
venient for exploration by the usual measures. 
The purpose of this report is to discuss a method 
for preventing postoperative disability due to un- 
corrected pathologic conditions in this portion of 
the common duct. Ampullo-duodenostomy is a 
direct method for approach and removal of pock- 
eted stones in the distal part of the duct and 
creates a large permanent opening between the 
choledochus and duodenum for continuous un- 
impaired drainage of the biliary tract without the 
need for external postoperative drainage of bile 
by a T tube. 


STANDARD METHODS 


The high incidence of complications following 
surgical exploration of the common duct by 
standard methods suggests that such operations 
are frequently incomplete. We have reported re- 
sults of 74 consecutive unselected postoperative 
cholangiograms (10). These x-ray examinations, 
done via a T tube in the common duct, showed 
persisting abnormalities at the distal end of the 
duct in a total of 43.3 per cent and overlooked 
stones remaining in the terminal portion of the 
duct in 24.3 per cent. According to Zollinger and 
associates, autopsy statistics reveal that duct 
stones are overlooked at operation in about one- 
third of the cases. Myers found that cholecystecto- 


mized patients in whom the duct was not ex- 
plored had major postoperative attacks of pain in 
62 per cent when the gallbladder did not contain 
stones, and in 20 per cent when stones were 
present in the gallbladder. This suggests that 
some patients who have gallbladder operations 
may have postoperative pain and disability be- 
cause of unrecognized or uncorrected disease in 
the common duct. 

Exploration by instruments introduced 
through the cystic duct stump or through incision 
in the supraduodenal portion of the common duct 
is sometimes difficult and often unsatisfactory. 
Bochus who has had experience in dealing with 
surgical failures following this type of operation 
points out the deficiencies of commonly employed 
surgical exploratory procedures. External inspec- 
tion and palpation of the common bile duct to de- 
tect stones are highly unreliable, especially when 
a pathologic condition is located in the distal one- 
third of the duct. Thorek has illustrated the 
course of the common duct, showing how it 
passes behind the duodenum and traverses a por- 
tion of the pancreas before it opens into the duo- 
denum. The duct is inaccessible for inspection 
and palpation of its distal end even though one 
reflects the duodenum medially. Passing probes 
or dilators through the supraduodenal portion of 
the duct is misleading when the instrument by- 
passes a pocketed stone. Forceful manipulation of 
probes through the duct may cause serious dam- 
age by creating a false passage. Forceful irrigation 
of the duct is an uncertain method for the removal 
of stones and carries the risk of producing pan- 
creatitis from retrograde hydrostatic pressure in 
the pancreatic duct system. Transduodenal am- 
pullo-duodenostomy is a direct method for ex- 








posing, exploring, and making definitive correc- 
tion of obstructions in the common duct which 
are difficult to manage by standard methods. 


T-TUBE DRAIN 


Postoperative T-tube drainage following ac- 
cepted types of common duct exploration causes 
some undesirable effects which are avoided by in- 
ternal drainage established through ampullo- 
duodenostomy without a T tube. Rubber and 
other foreign organic substances in the common 
duct are irritant producers of leucocytic infiltra- 
tion and fibrosis of the duct wall. Bacterial infec- 
tion is a common associated finding. Lary and 
Scheibe found experimentally that stricture at the 
suture line in the common duct was 4 times as 
frequent in the presence of a rubber T-tube drain. 
Mirizzi has shown that loss of bile by prolonged 
T-tube drainage interferes with normal assimila- 
tion of food, minerals, bile salts, and vitamins, 
and causes progressive debility of the patient. 

Adequate and permanent opening between the 
choledochus and duodenum is not a certainty 
after supraduodenal exploration of the duct or 
after sphincterotomy. A T tube is considered ad- 
visable in patients who have had these types of 
operations. This permits postoperative cholan- 
giography and other tests to determine if ade- 
quate patency of the distal duct has been accom- 
plished. A T-tube drain is neither necessary nor 
desirable after ampullo-duodenostomy as it offers 
no advantage in treatment and may complicate 
or prolong the recovery of the patient. 


INDIRECT METHODS 


Indirect methods for relieving stone impaction, 
stricture, spasm, or stenosis at the distal end of the 
common duct are best avoided because they are 
of uncertain benefit and may cause postoperative 
complications. The consensus indicates that 
chemical dissolution or fragmentation of residual 
duct stones by irrigating the bile ducts with sol- 
vents is not effective and is usually a disappoint- 
ing procedure. Pressure irrigation through a tube 
in the duct is dangerous and unlikely to dislodge 
impacted stones. Such procedures may cause 
‘shock state’ and pancreatitis. 

Branch and associates report that heavy hand- 
ed methods of dilating the sphincter of Oddi de- 
feat the purpose of procedure because they do not 
produce a permanent enlargement at the papilla 
of Vater and may be followed by constriction of 
the papilla from postoperative scar tissue contrac- 


500 Surgery, Gynecology ¢> Obstetrics - April 1955 





ture. The use of graduated probes or dilators in- 
troduced through the upper portion of the duct 
to force stones into the duodenum or to stretch 
forcefully the sphincter of Oddi may result in 
hemorrhage, false passage of the probe, inflam- 
mation, and scar tissue formation from local 
trauma. The gentle use of a 3 millimeter rounded 
malleable probe to determine patency at the dis- 
tal end of the duct need not be harmful. It can be 
used to advantage in detecting stone or stricture 
and in establishing the advisability of transduo- 
denal retrograde exploration of the duct. It is a 
useful guide in identifying the papilla of Vater 
preparatory to incising the distal end of the duct. 

Sphincterotomy is considered an incomplete 
and less desirable operation than ampullo-duo- 
denostomy for permanent relief of obstructive 
terminal duct disease. Doubilet and Mulholland 
have advocated “‘blind”’ division of the sphincter 
of Oddi by a special sphincterotome introduced 
through the supraduodenal portion of the com- 
mon duct for treatment of pancreatitis. This 
method has the disadvantage of cutting tissues 
which are not under direct vision; it does not 
provide for the control of bleeding after the cut- 
ting is done; and it leaves an incision in the end 
of the duct which may close with scar tissue for- 
mation and postoperative stricture. Transduo- 
denal sphincterotomy permits division of the ter- 
minal duct constriction under direct vision but 
carries the same hazards of bleeding and late 
stricture formation. Babcock states that this type 
of operation is followed by a mortality of 15 per 
cent due to hemorrhage and other causes. 


LIVER DUCT STONES 


The presence of inaccessible or unrecognized 
stones in the hepatic ducts is probably more fre- 
quently the cause of postoperative complications 
than is commonly believed. Best estimates that 
approximately 7 per cent of ali patients with 
cholelithiasis have stones in the liver ducts. 
Present methods of treatment are unsatisfactory 
for removal of such stones. McAllister and Call 
report 35 personal cases of liver duct stones treat- 
ed by operation. Fifteen of these patients re- 
quired a second operation for the removal of 
stones which had washed down and obstructed 
the common duct after it had been cleared by a 
first operation. Hepatotomy for direct attack on 
pocketed liver duct stones may be hazardous be- 
cause of hemorrhage and technical difficulties in 
repairing the incised ducts. Mortality from liver 














duct stones is said to be 50 per cent and results 
from liver abscess, cholangitis, pancreatitis, and 
bile peritonitis following operation. 

The diameter of bile ducts gradually increases 
from the liver radicals downward to the ampulla 
4 of Vater. At this point the sphincter of Oddi pro- 
duces a normal constriction of the duct as it enters 
the duodenum. Ampullo-duodenostomy removes 
this constriction and permits free egress of stones 
which may wash down from the liver ducts into 
the duodenum, thus avoiding postoperative ob- 
struction of the common duct. 


INDICATIONS FOR OPERATION 


The presence of two or more of the following 
conditions has been used as indication for trans- 
duodenal retrograde exploration of the common 
duct and ampullo-duodenostomy: (1) a concise 
history of frequent biliary colic requiring narcotic 
for relief of pain, and chronic dyspepsia, not re- 
lieved by antispasmodic, antacid, dietary, and 
other conservative treatment; (2) palpable stones 
in the common bile duct or demonstrable liver 
duct stones; (3) jaundice, past or present, associ- 
ated with biliary colic and septic fever; (4) preop- 
erative duodenal drainage showing crystals, 
pathogenic bacteria, and pus cells; (5) a dilated 
opaque, thickened, fibrotic common duct con- 
taining dark concentrated bile, pus, or sediment; 
(6) a diseased gallbladder with small stones capa- 
ble of passing through a large cystic duct; (7) 
noncalculous opaque thickened gallbladder, con- 
tracted fibrotic gallbladder, and cholesterosis 
cholecystitis associated with one or more of the 
conditions already mentioned. 


TECHNIQUE 


Steps in the procedure of ampullo-duodenosto- 
my are shown in Figure 1. The technique is 
neither difficult nor unduly time-consuming in 
most instances. It can be done by any qualified 
surgeon who is familiar with the anatomy of the 
parts involved. 

Ampullo-duodenostomy is a plastic operation 
which creates a permanent enlarged opening be- 
tween the ampulla of Vater and the duodenum. A 
small malleable probe introduced either through 
the stump of the cystic duct or from below 
through the papilla of Vater is used as a guide for 
dividing the sphincter of Oddi. The incision is 
carried upward into the ampullary portion of the 
duct. Bleeding is controlled by suturing the edges 
of the ampulla of Vater to the edges of the duo- 
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denum. This anastomosis results in minimal post- 
operative scar tissue formation. A large opening 
between the common duct and duodenum is es- 
tablished. The risk of hemorrhage or late stricture 
formation at the operative site is eliminated. This 
operation offers direct approach for easy removal 
of stones impacted above the sphincter of Oddi 
and is believed to give permanent relief of stric- 
ture or stenosis at the terminus of the common 
duct. A T tube is not required. A perforated 
polyvinyl tube air vent drain in the right subhe- 
patic space is preferred. 


REPORT OF CASES 


Retrograde exploration of the common bile 
duct has been done in 38 personal cases during 
the past 16 months. Sufficient time has not 
elapsed to permit adequate evaluation of results 
in this small series. Transduodenal sphincteroto- 
my was used in 6 cases. Ampullo-duodenostomy 
was done in 32 cases. Stones were removed from 
the common duct in 10 cases. Stenosis at the distal 
end of the common duct sufficient to block the 
free passage of a 3 millimeter probe was found in 
30 cases. A common duct T tube was not em- 
ployed in any of these patients. There has been 
no case of postoperative jaundice. Postoperative 
duodenal fistula has not occurred. 

By comparison of early results the impression is 
gained that transduodenal ampullo-duodenosto- 
my without a T-tube drain is more efficient and 
will give better results than supraduodenal ex- 
ploration of the choledochus or sphincterotomy 
for treatment of distal duct pathology. Further 
trial of retrograde exploration and ampullo-duo- 
denostomy seems justified. It eliminates the post- 
operative complications from overlooked or un- 
corrected pathologic conditions which are too 
frequently the sequellae of standard methods. 


SUMMARY 


Approved methods now in common use for ex- 
ploring the common duct through its supraduo- 
denal portion are followed by a high incidence 
of overlooked stone or other uncorrected patho- 
logic conditions at the distal portion of the duct. 
The disadvantages of postoperative external 
drainage of bile by a T tube in the common duct 
have been noted. 

Transduodenal ampullo-duodenostomy sup- 
plies a direct approach for removing stones im- 
pacted at the distal end of the choledochus and 
creates a permanent enlarged opening between 








the ampulla of Vater and the duodenum for con- 
tinuous unimpaired postoperative internal drain- 
age of the biliary tract. A T-tube drain is neither 
necessary nor desirable after this procedure. 
Spasm, stricture, or fibrotic stenosis at the 
sphincter of Oddi are corrected by ampullo-duo- 
denostomy. After this operation the escape of in- 
accessible liver duct calculi can occur spontan- 
eously into the duodenum with minimal risk of 
postoperative obstruction of the common bile 
duct. Postcholecystectomy syndrome and biliary 
dyskinesia are prevented by this procedure. 

Transduodenal retrograde exploration and 
ampullo-duodenostomy are indicated for treat- 
ment of benign obstructions at the terminal por- 
tion of the common bile duct. 
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IN LONG BONE FRACTURES 


METHOD FOR CORRECTION OF ANGULATION 


WALTER W. EBELING, M.D., F.A.C.S., Mount Vernon, Washington 


AT THE ONSET it must be conceded that there are 
many methods employed to obtain a satisfactory 
reduction and alignment of long bone fractures. 
Whichever method is used, one is guided for the 
most part by the nature of the fracture, its posi- 
tion with relationship to any one joint, and then 
too by the surgeon’s choice of method when one 
of several procedures would obtain a similarly 
good result. 

There are certain fractures of the femur in 
which it has been my choice to use skeletal trac- 
tion. These have usually been comminuted frac- 
tures in relatively young people. Once overrid- 
ing has been overcome and the fragments are 
end-on, or near end-on, not infrequently there 
may remain some angulation at the fracture site. 
One may at first attempt to correct this angula- 
tion by alteration of the direction of pull, trying 
to bring the more distal fragment into line with 
the proximal fragment. At times, this is not so 
readily accomplished and then one may resort to 
a pressure pad, which when applied to the sur- 
face of the thigh would tend to obtain the desired 
position. 

It has been my experience to be disappointed 
with pressure pads and, in fact, to hold them 
somewhat in fear, for I am convinced that they 
are harmful because pressure is applied to the 
soft tissues, and thus secondarily to the bone. 
The vitality of the soft tissues is certainly dimin- 
ished by the ischemia produced. I have seen 
actual ulceration produced by such means. 

For this reason, I have abandoned any form of 
soft tissue compression or external pressure to 
correct angulation and have come to use a Stein- 
mann pin, inserted directly through the skin and 
muscle and well into one cortex of the bone. In 
this way, it has been possible to correct any 
minor malposition by positive means, actually 
pushing the bone in the desired direction with- 
out pressure upon the soft parts. 

I have had a ring and clamps prepared which 
can be readily fixed to a Thomas splint. On this 
ring is an adjustable clamp which permits it to 
be placed on any point of the ring that might be 





desired. On one end is a slotted plate which may 
be clamped down with a thumbscrew and which 
will hold a Steinmann pin firmly. Rotation of 
the plate, with the thumbscrew loose, will per- 
mit adjustment of the Steinmann pin to what- 
ever length and angle might be desired (Fig. 1). 

The before and after roentgenograms of 2 fe- 
moral fractures in which this pressure pin has 
been employed to correct angulation or malpo- 
sition are presented (Cases 1 and 2). 


METHOD OF INSERTION OF PRESSURE PIN 


In both cases here presented, those films taken 
prior to correction of malalignment appear to 
show anterior and medial displacement of the 
proximal end of the distal fragment, or actual 
anterior and medial bowing at the fracture site. 
In each instance, it was concluded that by push- 
ing the shaft of the distal fragment backward and 
lateralward the malalignment would be cor- 
rected. 

After preparation of the skin, through which 
the pin is to be inserted, 1 per cent novocain is 
injected into the skin and infiltrated down to 
the bone into the periosteum. Using the hand 
drill and a Steinmann pin of reasonable size, the 
pin is drilled a short distance into the immediate 
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Fic. 1. Thomas splint to which has been attached 
metal ring with an adjustable clamp to hold Steinmann 
pin. Thumb screws in clamp provide for alterations of 
pin level and direction. 
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Fic. 5. 
Fic. 2. Case 1. R. C., age 14, roentgenogram showing 
nature of femoral fracture on admission. 
Fic. 3. Same patient 2 days after application of skeltal 
traction. a, Anteroposterior and, b, lateral views. 
Fic. 4. Same patient 6 days after application of pres- 
sure pin. a, Anteroposterior and, b, lateral views. 








Fic. 6. 


Fic. 5. Same patient 11 weeks after fracture. a, Antero- 
posterior and, b, lateral views. 

Fic. 6. Case 2. G. W., age 26, roentgenogram showing 
femur 8 days after application of traction, but with ante- 
rior and medial displacement of distal shaft. a, Antero- 
posterior and, b, lateral views. 














cortex of the bone, sufficiently far so that it is 
fairly stuck. The steel ring is clamped to the 
Thomas splint, and the clamp for grasping the 
pin is attached, the pin then pushed in the de- 
sired direction, after which it is set firmly in the 
clamp. Some adjustment may be necessary, at 
which time it is customary to be guided by the 
hand fluoroscope. Check films may be made 
later. 

Due respect must be had for the underlying 
nerves and vessels. It is surprising to find what 
little pressure it may take to provide the desired 
correction of malposition. Within a few days, a 
week at the most, any distraction of fragments 
can be overcome by removal of some of the 
weight of traction. Within 3 to 4 weeks, it will be 
found that the soft tissues abounding the actual 
fracture site will, when the pressure pin is re- 
moved, maintain the reduction. 

In each instance, it will be noted that the pin 
impinges into the shaft of the femur well away 
from the actual fracture lines. 

Rather than place a gauze dressing about the 
pin, where it enters the skin, it has been my 
custom to slide a piece of sterile felt over the pin, 
down to the level of the skin. This felt usually 
measures about 11% to 2 inches square and is 
reasonably thick. I have found that this provides 
a much nicer dressing at the pin site, and by its 
very nature, being tight about the pin, main- 
tains its position without adhesive strapping. On 
the other hand, any gauze dressing becomes 
loose and with the adhesive needed to keep it in 
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Fic. 7. Same patient 5 days after application of pres- 
sure pin. Ultimate alignment good. Complete return in 
function. a, Anteroposterior and, b, lateral views. 


position becomes dirty and ofttimes unsightly. 
Too, the felt may be moistened at intervals with 
an antiseptic (merthiolate or metaphen) if one 
so desires. 


CONCLUSION 


The use of a single Steinmann pin for correc- 
tion of malposition and anguiation in long bone 
fractures is presented. 





USE AND COMPLICATIONS OF CATHETER 





DUODENOSTOMY IN GASTRIC RESECTION 


WILLIAM S. CAUDELL, M.D., Cincinnati, Ohio, 
ROBERT L. GARRISON, M.D., Charlotte, North Carolina, and 
C. MARSHALL LEE, JR., M.D., F.A.C.S., Cincinnati, Ohio 


LEAKAGE OF THE DUODENAL STUMP after gastrec- 
tomy is a serious complication which may be the 
result of improper closure, obstruction of the af- 
ferent loop of the gastrojejunostomy, or necrosis 
of the suture line. During the period from March 
1951 to March 1953, 98 subtotal gastrectomies 
of the modified Billroth II type were performed 
for benign peptic ulcers at the Dayton Veterans 
Administration Hospital. Leakage occurred from 
one duodenal stump, and although laparotomy 
was performed on the tenth postoperative day, 
the outcome was fatal. Of the remaining 97 cases 
the duodenal stumps were closed primarily and 
healed satisfactorily in 87 cases. In the remaining 
10 cases, catheter duodenostomy was performed 
in patients in whom primary closure was impos- 
sible or considered to be hazardous. 


CASE REPORTS 


The results of this procedure and the tech- 
nique used are illustrated in the following case 
reports: 


Case 1. T.S., a 40 year old male, was admitted to 
the surgical service on August 1, 1951 with a history 
of intermittent epigastric pain relieved by food for 8 
years. Two months prior to admission he had noted 
tarry stools and weakness for 2 days. For 24 hours be- 
fore his admission he had had severe pain in the epi- 
gastrium and right upper quadrant with radiation to 
the right shoulder and back. 

Examination revealed an acutely ill man with muscle 
spasm, rigidity, and rebound tenderness in the right 
upper quadrant. A roentgenogram of the abdomen 
showed free air beneath the right diaphragm. The 
clinical diagnosis of perforated posterior duodenal 
ulcer was made. He was treated conservatively with 
continuous gastric suction, antibiotics, blood, and 
fluids. His condition gradually improved and oral 
antacids, antispasmodics, and ulcer diet were begun. 

Eight weeks later a subtotal gastrectomy and a pos- 
terior Polya gastrojejunostomy were performed. A 
large ulcer had eroded through the posterior wall of 
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the first portion of the duodenum into the pancreas. 
This densely scarred, thickened zone of duodenum 
was freed down to the region of the second portion of 
the duodenum and the ampulla of Vater. Because of 
the character of the wall of the duodenum and the 
immediate proximity of the ampulla, closure of the 
stump was considered to be too hazardous and subse- 
quent satisfactory healing along the suture line un- 
likely. A No. 24 straight French catheter was placed 
in the duodenal stump and the stump closed loosely 
around the catheter with a purse-string suture of No. 
00 chromic catgut. The catheter was brought through 
a stab wound in the right upper quadrant and an- 
chored to the skin. Gentle suction was applied for 3 
days and 1,600 to 2,000 cubic centimeters of bile and 
pancreatic juice were obtained daily. Suction was dis- 
continued when the patient’s bowel sounds were ac- 
tive and, thereafter, drainage was less than 80 cubic 
centimeters daily. On the eleventh postoperative day, 
the tube was removed. Six days later both the stab 
wound and working incision were healed, and the pa- 
tient was discharged. Examinations at periods of 3 
months and 1 year revealed the patient to be asympto- 
matic. 

Case 6. M. F., a 56 year old male, had had symp- 
toms of peptic ulcer intermittently for 26 years. Hema- 
temesis and melena had occurred 7 years prior to 
admission. For 2 years the patient had vomited daily- 
in the early evening. One week prior to admission he 
noted hematemesis, tarry stools, and weakness. 

Examination on admission, May 26, 1952, revealed 
a chronically ill, poorly nourished man with slight 
tenderness to deep palpation immediately to the right 
of the midline of the epigastrium. Blood, fluid, and 
electrolyte deficits were replaced. Roentgenologic 
study of the upper gastrointestinal tract demon- 
strated a narrow antrum, through which no peristalic 
waves passed, and a deformed duodenal bulb. 

Two weeks after admission a subtotal gastrectomy 
and anterior Polya anastomosis were done. There was 
a large, hard mass involving the posterior wall of the 
stomach, adjacent pancreas, liver, duodenum, and 
transverse mesocolon. As the dissection proceeded, it 
was evident there was a large duodenal ulcer which 
drew the proximal duodenum superiorly and medial- 
ly. The pylorus, duodenum, and posterior portion of 
the stomach in the region of the lesser curvature were 
adherent to the pancreas and liver with these latter 
structures forming the base of the large crater. The 
duodenum was transected at the distal edge of the 
ulcer. Because of the marked edema, thickening, and 




















fibrosis of the wall of the duodenum, closure of the 
stump was thought to be inadvisable. A No. 22 French 
rubber catheter was, therefore, placed in the duodenal 
stump and the stump closed loosely about the catheter 
with a purse-string suture of No. 00 chromic catgut. 
The catheter was inserted through a stab wound in 
the right upper quadrant together with 3 Penrose 
drains which were placed down to the ulcer bed and 
duodenal stump. 

There was 100 to 300 cubic centimeters of green 
drainage from the catheter for the first few postopera- 
tive days. The Penrose drains were gradually removed 
and the catheter was withdrawn on the eleventh day. 
Drainage ceased on the twentieth day and the patient 
was discharged with well healed operative wounds. 
Two weeks following his discharge from the hospital 
an abscess developed at the site of the catheter stab 
wound necessitating incision and drainage. A small 
amount of purulent material drained intermittently 
from this stab wound and Aerobacter aerogenes was 
cultured from the fluid. Fifteen weeks postoperatively, 
the patient was readmitted for study of the draining 
sinus. Lipiodol injection of the sinus tract showed the 
dye entering the upper portion of the second part of 
the duodenum. A right subcostal incision was made 
and the fistula was followed into the duodenum. It 
was possible to remove the tract of the fistula and a 
few millimeters of duodenum. The inflammatory 
changes present in the duodenal wall at the first oper- 
ation had subsided and it was now possible to close 
the duodenum safely. Pathologic section of the speci- 
men showed a segment of duodenum with active, 
chronic inflammation in the subserosa. Associated 
with it was a mass of dense, fibrous connective tissue 
with some microabscesses surrounding a sinus tract 
lined by active chronic, purulent granulation tissue. 
The wound healed per primam and during the first 
postoperative year no drainage was noted. 

Case 9. C. R., a 51 year old male, had had inter- 
mittent epigastric burning pain relieved by milk for a 
period of 2 years, nausea and vomiting for 2 weeks, 
and black stools for 3 days prior to admission. The 
patient was alert and had slight epigastric tenderness. 
Hemogram revealed 10.5 grams of hemoglobin and 
3,640,000 blood cells. On December 4, 1952, the sec- 
ond hospital day, he vomited coffee-ground material 
and developed shock in spite of 4 units of whole blood 
in 2 hours. Surgical consultation was obtained and 
ligation of the arteries to the posterior, penetrating 
duodenal ulcer area was performed. Postoperatively, 
he continued to bleed and he required large amounts 
of whole blood. On December 16, 1952 subtotal gastric 
resection and gastrojejunostomy were performed. A 
large edematous indurated duodenal ulcer made clo- 
sure of the duodenum impossible, and catheter duo- 
denostomy was performed. 

For 3 days he did well, but again revealed evidence 
of severe bleeding through his duodenal catheter. On 
December 26, 1952 exploratory laparotomy was done 
and the anastomosis examined. It was possible to dis- 
sect the duodenum from the pancreas and the bed of 
the posterior penetrating ulcer, and to close the duo- 
denum. Following this second operation, massive up- 
per gastrointestinal bleeding continued. He expired 
on January 5, 1953, but unfortunately, no autopsy 
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Fic. 1. This diagrammatic illustration shows the rela- 
tionship of the duodenal stump, the catheter, and the 
Penrose drains. The stump is closed with a loose purse- 
string suture of No. 00 chromic catgut. 


was obtained. It was believed the bleeding during the 
latter part of his hospitalization was from an undeter- 
mined site in the upper gastrointestinal tract, and not 
from the ulcer which had been excluded. 

Case 10. L. H., a 59 year old male had had constant 
periumbilical and epigastric pain for 2 months. Roent- 
genographic study of the upper gastrointestinal tract 
showed a separation of the pyloric antrum from the 
duodenal bulb by a space occupying lesion believed 
to be extrinsic. Anemia was corrected and on August 
13, 1952, subtotal gastrectomy was performed. A py- 
loric ulcer with dense adhesions between the antrum, 
pylorus, first part of the duodenum, pancreas, and 
liver was found. After dissection of the antrum and 
duodenum from the surrounding mass of scar tissue, 
the duodenum was considered to be too thin for safe 
closure. A No. 26 French catheter of soft rubber was 
placed in the duodenal stump and the duodenum 
was closed loosely about the catheter with two purse- 
string sutures of No. 00 chromic catgut. On the second 
postoperative day, the patient gradually developed 
shock, jaundice, and anuria. Despite supportive ther- 
apy he expired about 24 hours later. Autopsy demon- 
strated acute necrosis of the liver and acute glomeru- 
litis. The anastomosis was intact. There were a few 
fibrinous adhesions between the omentum and duo- 
denal stump, but no fluid collection. 


An analysis of the 10 cases as exemplified by 
these reports indicates the usefulness of the pro- 
cedure of catheter duodenostomy in selected 
problem cases. 

Case 1 illustrated two indications for this pro- 
cedure: immediate proximity of ampulla of Vater 
and severe scarring of the duodenum. The stab 
wound in the right upper quadrant was com- 
pletely healed on the seventeenth postoperative 
day, and the patient’s convalescence was not 
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lengthened. Similar results were obtained in 4 
additional cases in which drainage persisted un- 
til the nineteenth, cighteenth, and seventeenth 
postoperative days. In 3 of the 5 cases, Penrose 
drains were used in addition to the catheters. In 
Welch’s 2 cases he reported that the tube was re- 
moved in about 2 weeks and the fistula closed 
rapidly. Priestley and Butler reported similar re- 
sults in 2 cases. 

Case 6 illustrated that duodenocutancous fis- 
tula may develop after catheter duodenostomy. 
This complication apparently did not occur in 
the 2 cases of Welch, 2 cases of Priestley and 
Butler, nor in the 1 living patient of Parsonnet. 
Two additional patients in this series presented 
similar sequelae. One patient drained for 6 
months, the other intermittently for 15 months. 
The drainage in both instances consisted of a 
few drops of cloudy gray fluid, daily. Repeated 
cultures of both fluids showed the presence of 
hemolytic Staphylococcus aureus and escherich- 
ia coli. Unfortunately roentgenograms following 
the injection of the tract with lipiodol in the lat- 
ter 2 patients were not obtained. Therefore, the 
origin and anatomic course of the sinuses are not 
known. Neither patient received any specific 
therapy, and both sinuses closed spontaneously. 
It is interesting to note that the persistence of a 
draining sinus has not been emphasized in the 
literature as a possible sequela of this procedure. 

Cases 9 and 10 represent 2 fatalities, but both 
patients died as a result of causes unrelated to the 
treatment of the duodenal stump. In Case 9, it 
was thought that the gastrointestinal bleeding 
during the latter part of the patients’ hospitali- 
zation was from an undetermined site and not 
from the ulcer, which had been excluded. The 
rapid exodus of the patient in Case 10 was due 
to acute liver necrosis and acute glomerulitis. 

Neuman, in 1909, used a catheter or rubber 
drain in 2 cases of perforated gastric ulcer. Keyes, 
in 1934, in England suggested similar manage- 
ment for perforations of both duodenal and gas- 
tric ulcers. In 1949, Welch described the use of a 
duodenostomy catheter in 2 instances in which 
the duodenal wall was widely destroyed making 
adequate suture of the stump technically impos- 
sible. Priestley and Butler, in 1951, reported 2 
cases with no increase in morbidity. Parsonnet, 
in 1952, reported 5 cases with satisfactory results 
in 2, death from hypokalemia secondary to pro- 
fuse drainage in 1 instance, death as a result of 
slipping of the duodenal tube with secondary 
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bile peritonitis in another, and death due to 
acute hepatitis in the fifth. Undoubtedly, there 
were other cases as yet not reported. 


METHOD 


The following method was used in the 10 
cases presented: A No. 18 to No. 26 (usually 
No. 18 to No. 20) French catheter of soft rubber 
was placed 2 to 3 inches into the duodenum. The 
stump was closed with a loose purse-string su- 
ture of No. 00 chromic catgut which was then 
tied about the catheter. An attempt was made 
to invert the duodenal wall as well as possible. 
The catheter was led through a stab wound in 
the right upper quadrant and anchored to the 
skin with a suture. In 6 patients, Penrose drains 
were placed down to the duodenal stump or the 
bed of an ulcer and brought through the same 
stab wound. In some cases the omentum was 
tacked loosely over the stump and about the 
catheter. When Penrose drains were used, they 
were shortened periodically and removed prior 
to the removal of the catheter on the tenth to 
twelfth postoperative day. Gentle suction was 
applied postoperatively for 2 to 4 days until 
bowel sounds were active. Thereafter, constant 
gravity type drainage sufficed. One patient, on 
the ninth postoperative day, complained of mild 
pain in the right upper quadrant. The immediate 
resumption of suction yielded 720 cubic centi- 
meters of green fiuid and the pain was relieved. 
Suction was discontinued 24 hours later with no 
untoward effect. 

CONCLUSIONS 

In using the method described the following 
salient points should be considered: 

1. A soft catheter should be used to avoid pres- 
sure necrosis of the duodenal wall. 

2. Chromic catgut is preferred for the purse- 
string suture since it persists unabsorbed long 
enough, without leaving a foreign body which 
may result in a persistent sinus. 

3. The catheter should not be passed tautly 
between the duodenal stump and the skin sur- 
face. If abdominal distention occurs, the slight 
slack will prevent the unintentional escape of 
the catheter tip. 

4. Because the amount of fluid escaping about 
the catheter is unpredictable, Penrose drains are 
useful as an added safety measure. 

5. The stab wound should be adequate so that 
there is no compression of the catheter by the 
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skin, the underlying muscle layers, or by the 
fascia. 

6. To avoid hypochloremia and hypokalemia 
during the postoperative period, the fluid from 
the catheter should be measured and the electro- 
lyte losses replaced. 

"7. When active bowel sounds return, the gen- 
tle suction applied to the catheter may be dis- 
continued. The drainage thereafter is minimal 
(less than 100 c. c. daily). Suction may be re- 
sumed if pain develops or if distention occurs. 

8. The jejunostomy suggested by Welch has 
not been employed in this series. It is believed 
that by the time peristalsis is sufficiently active 
to permit replacement of bile and pancreatic 
fluid through a jejunostomy, the drainage from 
the catheter duodenostomy is minimal. In the 
occasional case, when temporary proximal 
loop obstruction produces excessive drainage 
from the duodenal catheter, a jejunostomy may 
be made through a separate small incision and 
the fluid returned to the alimentary canal. 

Satisfactory healing of the duodenal stump 
may be expected if the following well recognized 
criteria are observed: (1) accurate approxima- 
tion of the serosa without either tension or tightly 
tied strangulating sutures; (2) adequate blood 
supply to the duodenal stump; (3) use of suf- 
ficient uninvolved duodenum so that inversion 
may be accomplished, and (4) prevention of in- 
creased intraduodenal pressure. 

When a large duodenal ulcer is present with 
penetration into adjacent structures it is some- 
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times impossible to resect the ulcer and have suf- 
ficient duodenum for closure. In such cases 
Lahey and others have recommended that the 
gastrectomy be abandoned and a gastrojeju- 
nostomy and vagotomy be performed. In our 
opinion this is a useful procedure, which pre- 
vents serious complications. However, the deci- 
sion to employ this technique must be made be- 
fore the dissection has progressed so far that the 
surgeon is irretrievably committed to a dif- 
ficult resection. On the other hand, if the opera- 
tion has progressed to the stage in which resec- 
tion is mandatory, and the surgeon is confronted 
with an inadequate duodenal stump for closure, 
catheter duodenostomy offers safe asylum. 


SUMMARY 


The indications and technical safeguards in 
connection with catheter duodenostomy, based 
on experience with 10 cases, have been pre- 
sented. It is believed that catheter duodenostomy 
is a safe and frequently life saving procedure 
when properly employed. 
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SURGICAL CORRECTION OF METATARSALGIA 
DEFORMITY (MORTON’S TOE) 


BEN L. SCHOOLFIELD, M.D., F.A.C.S., Dallas, Texas 


THE BASIC CAUSE of metatarsalgia deformity is 
found in the plantar fascia which is practically 
absent in the congenital type and is overstretched 
in the acquired type. The role of the plantar 
fascia in the normal forefoot is to maintain the 
transverse arch, its action being similar to that 
of the cord on a bow. When it becomes over- 
stretched from any cause it allows the arch to go 
down with flattening and widening of the fore- 
foot. 

Acquired metatarsalgia may be corrected by 
an operation which the author has found satis- 
factory for 25 years. Its object is restoration of 
the anterior arch of the foot. Removal of the 
metatarsal heads or of neuromas of the inter- 
digital nerves has not been found necessary with 
this procedure. In some of the earlier cases, in- 
fection of the wounds ensued but the use of anti- 
biotics has obviated that difficulty. Thorough 
sterilization of the skin of the sole of the foot is 
extremely hard to achieve, particularly in the 
presence of heavy calluses. 


TECHNIQUE 


A longitudinal incision is made on the plantar 
surface of the foot, ranging backward from the 
vicinity of the metatarsal heads for a distance of 
11% to 2 inches. It is usually made at about the 
middle of the sole but may be somewhat nearer 
the lateral side. It is carried through the heavy 
skin of the sole, frequently much thickened with 
callosities, and then through the underlying fat 
pad. 

The plantar fascia is well exposed on either 
side of the incision by separation of fat pad from 
that tissue. Incision of the plantar fascia is done 
over the approximate length of the skin incision. 
It is separated from the deeper structures, and 
the flexor tendons are exposed. The plantar 
fascia is shortened by imbrication. Several mat- 
tress sutures of durable material are placed near 
the incised edge of fascia on the side one elects 
to put beneath, the opposite edge being drawn 
over to overlap the sutured edge as far as 
practicable. The ends of the mattress sutures are 
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brought through the overlapping layer of fascia 
far enough from its cut edge to restore the arch 
when they are tied. This done, the free margin of 
the overlapping layer of fascia is drawn over 
tautly and sutured to the underlying layer by a 
continuous suture. 

Chromic catgut or kangaroo tendon has been 
found to be adequate in order to suture the 
plantar fascia. In closing the fat pad and skin, 
it is usually possible to trim their opposing 
margins of redundant tissue, thus shortening 
them in conformity with the shortened plantar 
fascia beneath. This will eliminate some of the 
calloused skin, and the shortened heavy skin 
of the sole will doubtless act to reinforce the 
abbreviated plantar fascia in the support of the 
arch. © 

Adhesive strapping during the period of 
healing will usually suffice unless an associated 
flatfoot deformity is corrected at the same time, 
when plaster of paris will be needed. The pa- 
tient must be off his feet entirely for a minimum 
of 3 weeks so that firm healing may take place. 
Should the condition be unilateral, crutches 
may be used to prevent weight-bearing on the 
foot operated upon. The procedure as described 
has been found efficacious in the acquired type 
of this deformity which is usually found in 
adults. 

The cause of the congenital form of this condi- 
tion was discovered fortuitously when correction 
was essayed in an adolescent girl whose history 
indicated its presence for as long as she could 
remember. The plantar fascia was found to be 
almost absent, too thin and weak to afford sup- 
port. Subsequently the same attenuated type of 
plantar fascia was found in a young woman 
school teacher, associated with marked flatfoot 
deformity. Modified Joplin’ operations were 
done in that case, using the extensor tendons of 
the fifth toes to span the soles of the feet. An ap- 
parently good result followed but a recurrence 


1 Jorn, Rosert J. Sling procedure for correction of splay- 
foot; metatarsus primus varus and hallux valgus. J. Bone Surg., 
1950, 32-A: 779-785. 
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Fic. 1. 


Fic. 1. Author’s operation, showing the incision on the 
plantar aspect of the foot. The plantar fascia has been 
separated from the fat pad and the underlying soft parts 
on both sides of the incision, thus freeing its medial and 
iateral sections for imbrication. The mattress sutures are 
shown in proper position. 

Fic. 2. The mattress sutures have been drawn over 
tautly and tied, thus pulling one edge of the plantar 


of the deformity came about as a result of a few 
months of active use. This result led to the con- 
clusion that a single small tendon is too weak for 
the purpose. It is assumed that the congenital 
type of this deformity is relatively unusual, since 
a personal experience of a number of years has 
disclosed but 2 cases. 


Fic. 2. 


fascia beneath the other and producing a transverse 
shortening of the plantar fascia. The free margin of the 
plantar fascia has been pulled over snugly and sutured 
to the underlying layer by means of a continuous suture. 
Any redundant skin and fat pad should be trimmed 
away to allow a neat closure of those tissues. This elim- 
inates some of the calloused skin usually present and re- 
inforces the shortened plantar fascia. 


CoNncLusION 

A method of correction of acquired metatar- 
salgia deformity by imbrication of the plantar 
fascia is herewith presented which has proved 
adequate in my hands over a long period. The 
source of the congenital type of the deformity, 
probably the sole cause, is also pointed out. 
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Reviews of New Books 


THE SECOND EDITION of Boeminghaus’ Urologie! shows 
evidence of considerable revision and expansion. This 
very thorough and scholarly treatise of 1,027 pages 
deals exhaustively with the open surgical therapy of 
genitourinary diseases. The author has very wisely 
chosen to eliminate the consideration of transurethral 
and endovesical instrumental procedures from this 
volume. 

This book represents not merely an atlas of surgical 
technique, although the latter is presented in some de- 
tail, but rather it is a book on urologic diseases with 
emphasis placed upon the subject of open operative 
therapy. The clinical features of the disease, the in- 
dications for operative therapy, and the advisability 
and the success of specific procedures are discussed 
in detail. 

As the author states in his preface, surgical tech- 
nique cannot be learned from textbooks and illustra- 
tions, no matter how superb the latter may be. Opera- 
tive experience is really the great teacher. But as one 
reads many of the chapters, particularly those upon 
the surgery of the kidney, in which the positioning of 
the patient, the approaches, the exposure, the control 
of hemorrhage, the complications, and the after-care 
are discussed in such lucid detail, one becomes aware 
of a long and extensive surgical experience which re- 
flects a seasoned and assured technical skill and a 
sound surgical philosophy. 

The author is especially to be commended for his 
presentation of the historical background of many of 
the operative procedures, and for the fact that he ob- 
viously has read and appreciated certain aspects of the 
American literature. 

Of interest to American readers will be the presen- 
tation of the Voelcker ischiorectal prostatectomy as 
well as the presentation of the Harris technique of 
closure of the bladder neck following suprapubic pros- 
tatectomy. 

The various techniques for radical surgery of vesical 
carcinoma and methods of urinary diversion are de- 
scribed in some detail. This volume is well set up, and 
beautifully printed and illustrated upon gloss paper 
of superior quality. The practicing urologist will find 
it a worth while addition to his library. 

—Frederick A. Lloyd. 


1UROLOGIE: OPERATIVE THERAPIE—KLINIK—INDIKATION. By 
Dr. H. Boeminghaus. 2nd ed. 1027 pages, 599 illustrations. 
DM 110. Minchen-Grdafelfing: Werk-Verlag Dr. Edmund 
Banaschewski, 1954. 


THE SIXTH EDITION of Nelson’s Textbook of Pediatrics? 
has been modernized in appearance as well as con- 
tent. The new covering and lettering makes the book 
appear less formidable and ponderous, and the change 
in titling throughout the text is pleasing to the eye, 
inviting perusal. 

There has been a diligent and successful attempt to 
record the basic facts of pediatrics and to present a 
digest of the practical current medical knowledge, as 
in the previous editions, without enlarging the text. In 
fact, by rewriting and rearrangement of charts the 
content has been condensed about 100 pages; how- 
ever, the appendix and index are enlarged giving bet- 
ter reference. This new edition should maintain its de- 
served position as an excellent pediatric textbook. 
—L. Martin Hardy. 


THE SECOND EDITION of Babcock’s Principles and Practice 
of Surgery’ is an extensive revision of the first edition, 
which was published in 1944. The present publication 
is edited by Karl C. Jonas, Department of Surgery, 
Temple University School of Medicine, who is an as- 
sociate of Wayne W. Babcock, now emeritus professor 
of surgery at Temple. The book is written by 56 au- 
thors, over half of whom are associated with Temple 
University School of Medicine; of the others all but 6 
are from the Atlantic seaboard. ‘ 

The text is divided into 49 chapters, comprising 
1,500 pages, and is illustrated by 1,006 figures. The 
print is in double columns and is easily read. The il- 
lustrations are especially good, many being diagram- 
matic, and demonstrate well the subject matter. 

The first 6 chapters deal with basic subjects which 
are extremely important in the practice of surgery. 
These chapters are well written and cover the im- 
portant aspects of inflammation, nutrition, fluid and 
electrolyte balance, shock, chemotherapy and antibi- 
otics, and antisepsis. The chapter on anesthesia covers 
the various aspects of this field and presents the use of 
local and spinal anesthesia especially well. In a sepa- 
rate chapter on military surgery the surgical problems 
closely related to warfare are discussed. 


2TExTBOOK oF PeptaTrics. Edited by Waldo E. Nelson, M.D, 
With the collaboration of 70 contributors. 6th ed. 1,581 pages. 
438 illustrations. $15.00. Philadelphia and London: W. B. Saun- 
ders Co., 1954. 

3BABCOCK’s PRINCIPLES AND PRACTICE OF SURGERY. Edited by 
Karl C. Jonas, B.S., M.D., M.S. (Surg), F.A.C.S., F.I.C.S, 2nd 
ed. 1543 pages, with 1006 illustrations and 10 colored plates. 
$18.00. Philadelphia: Lea & Febiger, 1954. 
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The surgical specialties of plastic, orthopedic, 
neurologic, urologic, pediatric, and oral surgery are, 
for the most part, well covered. Chapters on these 
subjects present valuable information for the general 
surgeon, but are not presented in sufficient detail for 
the specialist in these fields. ‘The assumption is, how- 
ever, that the book was not written with the specialist 
in mind. 

The chapters covering the aspects of general surgery 
present the subjects considered in an excellent man- 
ner. Controversial thoughts as to treatment are usu- 
ally discussed or mentioned. The chapters discussing 
cardiovascular surgery are well done and include re- 
cent developments in this rapidly advancing field of 
surgery. 

In the final 4 chapters the important problems of 
the diabetic patient, the pregnant woman, the cardiac 
patient, and psychiatric considerations, as related to 
the practice of surgery, are discussed. 

Babcock’s Principles and Practice of Surgery can be high- 
ly recommended to the student as a textbook on the 
subject and to the general surgeon for his review and 
reference.—Oliver H. Beahrs. 


A piscussion of the theoretic background of fluid and 
electrolytic exchange is contained in an excellent book 
by L. P. Le Quesne entitled Fluid Balance in Surgical 
Practice.4 In addition it provides a practical method 
for management of the derangements in these ex- 
changes. 

The demands of modern surgical procedures and 
adequate management of severe medical problems re- 
quire a clear-cut understanding of the physiologic and 
chemical processes involved. In order to deal with this 
problem, certain necessary complex evaluations are 
required which are now made routine by the use of 
the flame photometer. Through its use sodium and 
potassium determinations are both accurately and 
quickly made. When these values, as well as others, 
are expressed in milliequivalents rather than milli- 
grams per cent the understanding of electrolytic 
physiology is further simplified. 

As to the exact mechanism and control of normal 
water and electrolytic balance there is much that is as 
yet imperfectly understood. The author suggests that 
further investigation into the hormonal factors plus 
the interesting problem of the osmotic structure of a 
solution may provide the answer to certain problems 
not now understood. 

In the discussion of management of various de- 
rangements in fluid balance there is first a considera- 
tion of the effects of events leading to these disturb- 
ances. This is followed by a simple orderly procedure 
for correction with minimal delay. The use of im- 
proved laboratory technique permits a constant ac- 
curate knowledge of the exact physiologic and chem- 
ical state. 

This is a book which is readily understood and, 
moreover, provides inestimable assistance in the in- 
telligent management of a most important problem. 
—Russell T. Bothe. 


‘FLum BALANCE IN SurGIcAL Practice. By L. P. Le Quesne, 
M.A., B.M., B.Ch., (Oxon), F.R.C.S. (Eng.). 130 pages, 41 
— $3.50. Chicago: The Year Book Publishers, Inc., 





THE FIRST EDITION of The Anatomy of the Bronchial Tree® 
appeared in 1946. That a second edition of a book 
concerning the anatomy of an organ should be 
necessary 8 years later indicates that even human 
anatomy is not necessarily a static subject. Certainly 
the developments in pulmonary surgery and the inter- 
pretation of the newer and better methods for radio- 
logic investigation of the lung that have become 
available require more detailed and more accurate 
knowledge of the anatomy of the lung than has been 
necessary previously. This edition meets the need in 
masterful fashion. Discussion of anatomic minutiae is 
avoided but pulmonary anatomy that has clinical 
significance is concisely but completely described and 
verified with the aid of casts, colored gelatin injections, 
bronchograms, and other illustrations. 

As in the first edition, much of the discussion of the 
anatomy of the bronchial tree concerns its clinical 
application in the surgery of pulmonary abscess. This 
frequent reference to a specific disease in what is 
fundamentally a study of anatomy has some dis- 
advantages. This is particularly true at the present 
time, since chemotherapy and antibiotics have made 
the surgical treatment of pulmonary abscess rarely 
necessary. Nevertheless, the author has used the 
disease to provide a convenient basis for demonstrat- 
ing the clinical and radiologic applications of a knowl- 
edge of bronchopulmonary anatomy, and the useful- 
ness of this anatomic knowledge pertains whether the 
pulmonary lesion is a tumor or one caused by bron- 
chiectasis or tuberculosis. 

The standard international nomenclature which 
was adopted by an international committee in 1949 
is used throughout. It is to be hoped that this book 
will influence a wider adoption of this nomenclature 
throughout the world. 

The book is extensively illustrated and in general 
the illustrations are excellent. The metallic casts of 
the bronchial tree and the colored gelatin injections 
of lobes and segments are particularly noteworthy. As 
is usually true, much is lost in the reproduction of 
roentgenograms. Nevertheless, most of the roentgeno- 
grams are excellent and effectively illustrate the 
anatomy described. A good deal of the value of the 
excellent illustrations is lost by the fact that many of 
them are not immediately adjacent to the subject 
matter to which they refer. However, this is inevitable 
in a book so profusely illustrated. 

This book will be of great interest to thoracic sur- 
geons, endoscopists, and radiologists. It should be 
required reading for all those who are beginning their 
training in these fields.—O. Theron Clagett. 


THE FOURTH EDITION of A Practical Manual of Diseases of 
the Chest® by Maurice Davidson from the Oxford 
University Press is very excellently assembled and 


8Tue ANATOMY OF THE BRONCHIAL TREE; WITH SPECIAL REF- 
ERENCE TO THE SURGERY OF Lunc Apsscess. 2nd ed. By R. C. 
Brock, M.S. (Lond.), F.R.C.S. (Eng.), F.A.C.S. 243 pages, 157 
illustrations. $11.00. London, New York, Toronto: Geoffrey 
Cumberlege, Oxford University Press, 1954. 

6A PracTICAL MANUAL OF DISEASES OF THE CHEsT. By Mau- 
rice Davidson, M.A., M.D. Oxon., F.R.C.P. Lond. With the 
assistance of John H. Friend, M.D. Lond., M.R.C.P. Lond. 4th 
ed. 647 pages, 255 illustrations. $19.25. London, New York, 
Toronto: Geoffrey Cumberlege, Oxford University Press, 1954. 
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presented in 647 pages. It is very comprehensive and 
inasmuch as it covers largely the field of medical and 
surgical chest disease it must of necessity deal rather 
briefly with many individual disease processes. In this 
day of rapid advance and wide interest in chest disease, 
and particularly the surgical aspect of the subject, it 
is difficult to cover authoritatively the entire field 
without being completely aware of the newer de- 
velopments in this extensive field of diseases of the 
chest. 
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In this country students, teachers, and practitioners 
will continue to rely on the excellent periodicals ~ 
published monthly and the reviews which appear ~ 
therein pertaining to the medical and surgical diseases 
of the chest. The monographs and texts devoted to 
subdivisions of the general subject can be kept up to ~ 


date with greater ease through frequent revision and 


will no doubt be more popular than those publications 
devoted to more general and less detailed coverage. 7 
— John M. Dorsey. 
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